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PREFACE. 



The essays republished in this little 
volume have already won the approval 
of practical surveyors, having appeared 
as original contributions in the Engin- 
eering Magazine. 

It is in answer to an increasing de- 
mand for a good guide to modem meth- 
ods of surveying areas that the articles 
have beten brought together to form a 
single volume. 



ON 



TOPOGRAPHICAL SURVEYING. 



BY 



GEO. J. SPECHT, C. E. 



ON TOPOGRAPHICAL SURVEYING. 



The object of Topography is to deter- 
mine the relative positions of points of 
the earth's surface, that can be referred 
without error to a tangent plane, and 
therefore independent of the sphericity 
of the globe. 

The operations of a topographical 
survey, consequently, are two— namely, 
to first project a system of points upon 
such a tangent plane ; and, secondly, to 
find the distances of the same above or 
below the plane ; or, in other words, to 
measure the lengths of the projecting 
normals. The first process is ordinary 
surveying ; the second, leveling. 

The results of a topographical survey 
are laid down in a so-called topographi- 
cal map, which is a representation or 
complete image of the ground on a re- 
duced scale. 
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Topographical maps are of the greatest 
convenience in locating railroads or other 
roads, in planning irrigation works, 
draining works, in mining enterprises, 
in military operations, &c., &c. In a 
topographical map the configuration of 
the ground is reduced to an image, which 
represents to the eye a large area at one 
glance, which in nature could not be 
viewed but by many separate inspec- 
tions; therefore, the judgment about 
the relation of the different parts of the 
work will be a clearer and more intel- 
ligent one. This refers especially to 
mining work, where very frequently the 
problem occurs, to strike a vein with a 
tunnel in a certain level. In this prob- 
lem a correct topographical map will 
often save the mining company several 
hundred feet of tunnel work, or, in other 
words, thousands of dollars. 

One reason why topographical surveys 
are not often er made, is certainly the 
slowness on one hand and the inac- 
curacy on the other hand of the old 
methods. 



Two different methods have hereto- 
foie been employed; one has the great 
disadvantage of slowness, and the other 
that of being unreliable. The first is a 
combination of common surveying with 
leveling. Provided these two operations 
are carried out with all possible care, the 
work will be a very exact one; which, 
however, will partly be lost by the in- 
accuracy of the drawing. Therefore, in 
this method, the field-work is unneces- 
sarily superior to the requirements 
of the case, as the reduced scale 
of a topographical map does not allow 
the representation of the smaller details. 
And as the topographical map is the first 
and direct object of a topographical 
survey, the latter ought not to be more 
exact than the scale of the map requires ; 
for instance, if the map is made on a 
scale of 1-5000 (1"=416.6') thedistances 
on the map can be read or estimated 
with any certainty only within four feet. 
Consequently, the survey does not need 
to be more detailed than to correspond to 
this limit. The second method is also 
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a combination of common surveying 
with leveling, yet in a more hurried and 
therefore unrehable manner ; it is on 
ground of a measured and leveled base 
to sketch the surroundings. As a mat- 
ter of course the correctness of a topo- 
graphical map, derived from such a 
survey, depends entirely on the ability 
of the topographer to estimate the 
relations between the different points. 
And as there are too many sources of 
error such topographical maps are but 
little value ; they render good service in 
mihtary reconnoissance, but hardly any- 
where else. 

Without going into the details of the 
old methods (which are shortly treated 
in Gillespie's Handbook) I shall pro 
ceed at once to give an account of the 
new method of topographical surveying. 
The word " new " is justified only in 
view of the two above-mentioned 
methods, as the one to be described has 
been known since 1852, when the Italian 
Professor and Officer of Artillery, Porro, 
of Milan, gave an account of this method 
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Annahs des Ponta et Ghaussees^ and 
when also the French engineer, Minot» 
published a treatise on this subject. The 
French and the Italians were the first 
who used it; then it came largely into 
use in Switzerland, where, in connection 
with the plane table, it was and still is 
used for the beautiful and masterly- exe- 
cuted topographical maps of Switzerland, 
in a scale of 1.50,000, with contour lines 
of 30 meters distance. Austria and Ger- 
many followed next, and are using it 
largely in railroads and similar enter- 
prises. To-day it is used in those 
countries wherever any work of that 
kind is done ; the Prussian General Staff 
employs it nearly exclusively. When 
and to what extent it was introduced in 
the United States is not known to the 
writer, but the note of A. S. Hardy, 
Professor of Civil Engineering in the 
Chandler Scientific School, in Yan 
Nostrand's Engineering Magazine^ Aug., 
1877, indicates that this method was 
hardly known, for otherwise he would 
not have praised the old, old method 
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he mentions, as quite a new application 
of contour lines. The United States • 
Ooast Survey uses this new method 
extensively in connection with the plane 
table. 

THE NEW METHOD 

of topographical surveying consists in 
simultaneously obtaining the horizontal 
and vertical positions of a point ; in other 
words, each point is determined by one 
operation in reference to its horizontal 
and vertical location. This is accom- 
plished by the use of a transit with the 
so-called stadia wires and a vertical 
circle, and a leveling rod or so-called 
telemeter or stadia-rod. 

Besides the ordinary horizontal and 
vertical cross hairs of the diaphragm of 
the telescope, two extra horizontal hairs 
are placed parallel with the center one 
and equally distant on each side of it, 
which, if the telescope is sighted at a 
leveling rod, will inclose a part of this 
rod or stadia rod, proportional to the 
distance from the instrument to the rod. 
^j' this airangement we \iave o\)\*'ai\T^^^ 
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an angle of sight, which remains always 
constant. Supposing the eye to be in 
the point O (Fig. 1), the lines O e and 




O k represent the lines of sight from the 
eye through the stadia-wires to the rod, 
which stands consecutively at k e, i d, h c, 
gh^M^fa, According to a simple geo- 
metrical theorem we have the following 
proportion : 

O a\ Ob: Oc: Od: Oe: =af: b g:c h\ di: e ky 

which means that the reading of the rod 
placed on the different points (f, b, c, d 
and e is proportional to the distances 
Oa,0b,0c,0d and O e. 

The system of lenses which constitute 
the telescope do not allow the use of this 
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proportion directly in stadia measure- 
ments, because distances must be counted 
from a point in front of the object glass 
at a distance equal to the focal length of 
that lens. 

Fig. 2 represents the section of a com- 
mon telescope with but two lenses, be- 
tween which the diaphragm with the 
stadia-wires is placed. 

We assume : 

/=the focal distance of the object glass. 

p=the distance of the stadia-wires a 
and b from each other. 

d=the horizontal distance of the ob- 
ject glass to the stadia. 

a = stadia reading (BA). 
D= horizontal distance from middle of 
instrument to stadia. 

The telescope is leveled and sighted 
to a leveling or stadia rod, which is held 
vertically, hence at a right angle with 
the line of sight. According to a princi- 
ple of optics, rays parallel to the axis of 
the lens meet after being refracfted in 
the focus of the lens. Suppose the two 
stadia wires are the sources of those -i 
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rays, we have, from the similarity of the 
two triangles, a' b' F and FAB the 
proportion : 

(d—f) : a=f\ p. 
The value of the quotient, /' : p, is, or 
at least can be made, a constant one, 
which we will designate by the letter Jc ; 
hence we have : 

{d-f)=¥Q=ka, 

In order to get the distance from the 

center of the instrument N, we have to 

add to the above value of F C yet the 

value c. 

c=OF + OM. 

OM is mostly equal to half the focal 
length of the object, hence we have 

c=/-+/;=i.5/: 

Therefore the formula for the distance 
of the stadia from the center of instru- 
ment, when that stadia is at right angles 
to the level line of sight, is : 

(1) 'D=ka + c, 

When the line of sight is not 14vel, but 
the stadia at right angles to it, the 
formula for the horizontal distance is : 



2) 
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-2^'n''.- tor a 



=24- 
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n=45° the value of om is but 8.4', and 
for a=10', w=10° it is 0.86'; this shows 

that om in most cases may safely be 
omitted. 

Some engineers let the rodman hold 
the staff perpendicular to the line of 
sight ; they accomplish this by different 
devices, as, a telescope or a pair of sights 
attached at right angle to the staff. 
This method is not practicable, as it is 
very difficult, especially in long distances, 
and with vertical angles for the rodman 
to see the exact position of the tel- 
escopes, and furthermore, in some in- 
stances it is entirely impossible, when, 
for instance, the point to be ascertained 
is on a place where only the staff can 
stand, but where there is no room for 
the man. The only correct way to hold 
the staff is vertically. 

In this case we have the following : 
(Fig. 4) 

MF=c 4- GF=c + /fc. CD. 
CD must be expressed by AB. 
AB=a. AGB=2m. 
CD=-iGF tan. m. 
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By the similarity of the two triangles 
AGF and BGF, we have after some 
transformation s 
AF + BF— GF sinm 

1 



( 



+ 



cos (n + m) co^ i^u— iniTb^ 



1 \ 
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2 tan m 



rt=CD. 



cos m.sin m cos ( w — m) 4- cos(n 4- /w) 
2sm m co8(n + m)cos(n— m) 



CD=a 



cos''7?co8'm— siii'nsm''m 



cos w cos m 



MF=c + GF=c + A:.CD.MF = 



cosn 



D , (cos VicosVa— sin 7?8m m) 

cos n cos w cos //i 

D=c.cos^^ + a.A;.cos'/i— a.Aj.sinV* tan''?^i. 

The third member of this equation 
may safely be neglected, as it is very 
small, even for long distances and large 
angles of elevation (for 1500', ^=45° and 
^•=100, it is but 0.07'). Therefore, the 
final formula for distances, with a stadia 
kept vertical, and with wires equidistant 
from the center wu*e is the following : 

(3) 'D=c.cos?i-\-a.k.cos^7i. 

The value of c.cosn is usually neg- 
lected, as it amounts to but 1 or 1.5 
leet ; it is exact enough to add always 
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1.25' to the distance as derived from the 
formula 

(3a) D^a.k.co&^n 

'without considering the different values 
of the angle n. 

In order to make the subtraction of 
the readings of the upper and lower wire 
quickly, place one of the latter on the 
division of a whole foot, and count the 
parts included between this and the other 
wire : this multiply mentally by 100 (the 
constant k) which gives the direct dis- 
tance d\ 

In cases where it is not possible to 
read with both stadia wires, it is the cus- 
tom to use but one of them in connection 
with the center Avire, and then to double 
the reading thus obtained. With very 
large vertical angles, this custom is not 
advisable, as is shown by the following 
theoretical investigation : 

Take the same tigure 4, as above, 

^„ BG sin m , _ AG sin rn 

BF=i=-^-— -; AF = 



BF = 



sin(90° + w)' sinCyO^-M) 

GF.siui'^i 



sin(90 —ni — n) 
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GF.sinm 



Ar = 



8in(90— m+«) 



Bm(90* + w) 8m[90°-(w + m)] 

BG GF _^ GFcosw 

-; i>G= 



cosn cos(w + m) ' C08(n + m) ' 

GFcosn 



GA= 



BG : AG= 



C08(n=wi) 
GFcosri GFcosn 



co8(7i 4- m) *co8(w — m) 
BG : AG=cos(ri— m) : co8(n + wi) 
BF : (BF + AF)=co8(n~m) : 

[cos (n — m) + cos(ri 4- m) ] 
AF : (BF + AF) = (cosn + m) : 

[cos(n + m) + co8(n— m)] 

BF.2co8ncosm 

•coswcosm -f sin/isin/Ti 

AF.2cosncos/7i 



coswcosm — sinnsinw 
BFcosncosm BFsinnsinm 
coswcosm cos/icosm 

AFcosncosm AHsinnsinm 
cosncos7?i cosncos^w 

BF(1 — tan;itanm) = AF (1 + tamitanm) 
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Now, if we multiply one of these values 
■with 2, we see that the result is not equal 
to «, but equal to a±ateinnts,nni ; hence 
the distance D is either too long or too 
ehoiii by the amount of a.^'.cos'tanwtan 
r)f; for a=15', 7/=45° and ^=100, the 
distance measured with both stadia wires 
is 749.7', but as measured with only one 
stadia wire and the center wire, we have 
•either 753.4' or 746.0', which is an error 
of 0.50^; for a = 15', n=22° and A;:=100, 
we have correct distance =1289.1', dis- 
tance with one wire, either 1286.5' or 
1291.7', which is an error of 0.25^. 

To find the height of the point wliere 
the stadia stands, simultaneously with 
the distance, we have the following : 

We assume, in reference to figure 4, 
47=height of instrument point above 
datum. 
MP =D= horizontal distance as derived 

from formula (3). 
;?/= vertical angle. 
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A =FE= stadia reading of the center 

wire. 

Q= height of stadia point above datum; 

it is, 

Q = (/ 4- Dfcan/i -- A. 

The subtraction of h can be made di- 
rt K-tly by the instrument by sighting 
with the center wire to that point of the 
rod, which is equal to the height of the 
telescope above the ground (which is in 
most cases =4. 5') ; q will be constant for 
one and the same instrument point ; then 
tlie above formula : 

Q=Dcan>/ ; 

this, in connection with formula (3) gives 

Q=^'simi -f a.A'.cos/z.siny^ 

^ . - sin2M 

Q=csm?/^-<^^•. - 

The first form of the equation can be 

neglected when the vertical angle is not 

too large ; hence the final formula for 

tlie height is 

^ a./r.sin2y/ 

Tlie position of the stadia must be strictly 
vertical. 
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Without giving here the theoretical 
investigation of the manner in which an 
inclination of the stadia towards or from 
the instrument affects the distance, I 
shall mention but the results of the in- 
vestigation on this subject. The follow- 
ing table is calculated from a formula 
given by Professor Helmert, of the Roy- 
al Polytechnic School in Aachen (Ger- 
many) : 



n. 


2.0 ; 8-^ 


4.0 


5.0 
0.62 


1' 6.0 

1 


8.0 


10.0 


12.0 

1.46 

1.89 

2.80 
2.76 

3.56 




0.84 


0.48 


0.54 


0.76 


0.99 


1.22 


1005 


1.10 


1.12 


1.18 


1.24 


1.30 


1.42 


1.62 





2.42 


2.48 


2.46 1 


J.48 
1.18 


2.51_ 
1.43. 


2.59 

1.88 


2.70 
2.32 




0.64 


0.82 


"iToi 1 


«)«3 


2.06 


2.16 ' 2.23 


2.33 


2.25 


2.72 


3.06 



1^ 


4.57 


4.60 


4.1^ 1 
1^37 : 

3.01 


4.68 
1.59 


4.79 
1.93 

3.31 


4.82 • 
2.53 


5.10 


5.28 


rA 


~0T87~ 


liTir 


8.13 


3.72 
4.80 
7.15 


8603 


2.82 


2.92 


3.14 


3.68 


4.13 


S 


6.18 


6.20 6.26 


6.31 

i.sr 


6.38 


6.60 
"2.88 


6.85 


• 


0.98 


1.25 1.55 


2.20 


3.56 


4 22 


4003 


8.19 


8.80 1 
7.05 


3.41 1 


3.58 


3.77 
7.25 


4.18 


4.68 


5.45 





7^ 


7.11 


7.18 


7.49 


7.80 


8.12 



D— D'= ±^/[;sin2n8inoi/2///. 
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where D is the reading at a stadia exactly 
vertical. 

D' is the reading at a stadia not 
vertical. 

A:=the constant, n= vertical angle, 

0= angle of mclination of the stadia when 
not held exactly vertical, 7/1= height of 
the center wire, and a = stadia reading. 

The table is calculated for ^=100, sin 
0=0.01, and for m=l', 45' and 10'. 

The error increases with the height of 
m ; in shorter distances the restdt is 
sevenfold better when the center wire iB 
placed as low as one foot than it is at 10^; 
in longer distances this advantage is only 
double. 

It is always better to place the center 
wu*e as low as possible. If the stadia is 
provided with a good circular level, the 
rodman ought to be able to hold it YerHr 
cal within 500 seconds ; that means, that 
the inclination of the stadia shall not be 
more than 0.023' in a 10' stadia, or 0.084' 
in a stadia of 16' length. 
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DETERMINATION OF THE TWO CONSTANT CO- 
EFFICIENTS t AND k. 

Although the stadia wires are usually 
arranged so that the reading of one foot 
signifies a distance of 100 feet, I will ex- 
plain here how to determine the value of 
it for any case. Suppose the engineer 
goes to work without knowing his con- 
stant, and not having adjustable stadia 
wires. The operation then is as follows : 

Measure off on a level ground a 
straight line of about 1000' length ; mark 
every 100', place the instrument above 
the starting point, and let the rodman 
place his rod on each of the points meas- 
ured off ; note the reading of all three 
wires separately, repeat this operation 
four times; the telescope must be as 
level as the ground allows ; measure the 
exact height of the instrument, ^. e., the 
height of the telescope axis above the 
ground. Then find the difference be- 
tween upper (o) and middle (m) wire^ 
between middle (m) and lower (n) wire, 
and between upper (o) and lower {?i) 
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wire, from the four different values f< 
each difference determine the ayera^ 
value; then solve the equation for ill 
horizontal distance (1) DsA^a. +c., wit 
the different average values, and you fin 
the value of k and c. In case the stadi 
wires should not be equidistant from th 
center wire there will be three differen 
constants, one for the use of the uppe 
and middle, one for the use of the middl* 
and lower, and one for the upper am 
lower wire. The following example 
which occurred to me, will explain th6S< 
rules (the measures are meters, which 
of course, make no difference) : 
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The base was 115 " long. 
Out of these observatioiis we deriye 
iha following means : 



i 

c 

i 


i 

i " 

a — m. 


Differences. 




m — u. 


— u. 


75 
100 
115 


0.201 
0.405 
0.610 
0.815 
0.089 


0.184 
0.571 
0.560 
0.746 
0.860 


0.885 

0.776 
1.170 
1.661 
1.799 



The different values of these diffiur- 
<^noo8, applied to the formula for horizon- 
tal dL8t4Uices (the angle of elevation is so 
small tliat it neoii not be considered), 

» 
wo havo tl\o following dfteen eqaations : 

F.v\uations for (<» — nt) 

otr=0.405A--rc. 

ltK>*=iO.Slo/C--ri\ 
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Equations for (m — n) 

25~=0184A: + c'. 

SO"* =0.371 A; +c'. 

11. i 75'*=0.560^^-c'. 

100"*=0.746A:+c'. 

116*»3r0.860A;+c'. 

Equations for (o — n) 

25~=0.385^M-c". 

50"»=0.776A; + c". 

76^=1.170A; + c". 

100**=1.66U + c". 

llb^=1.799A; + c". 



m. < 



By solTing these equations, we obtain 
the following average values for the con- 
stants k and 0, V and c', and k'' and c'\ 

For the group I we have : 

A;= 122.30, ^►=0.40. 
For group n. : 

A;=133.30, ^»'=0.45. 
For group III. : 

A:"=63.70, *"=0.50. 

This example shows one of the most 
unfavorable cases, as we obtain three dif- 
ferent values for each oi t\iek V^o ^q\>l> 
sitmtB, because the stadia NV\r^^ «te t>lqX» 
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eqni-distant from the center- wire. If the 
stadia wires are adjustable, the engineer 
has it in his power to adjust them so that 
the constant A; =100, and A;, =200, which 
he accomplishes by actual trial along a 
carefully measured straight and level 
line. 

The constant C, which is one and a 
half times the total length of the object- 
glass, can be found closely enough for 
this purpose by focussing the telescope 
for a sight of average distance, and then 
measuring from the outside of the object- 
glass to the capstan-head- screws of the 
cross-hairs. This constant must be 
added to every stadia sight ; it may be 
neglected for longer distances. 

THE INSTRUMENTS 

used in this method are the following : 

1. A transit or theodolite, which in 

general construction is like the common 

one ; the only new features of it are the 

stadia wires and the vertical arc. 

The diaphgram carrying the cross wires 

has two sides, wliicb. can \ife ixva^^\f^ 




Bmf^ capstan heud screws, and on each 
-«nd of which one stadia wire is fastened ; 
an inserted spring maizes their position 
more steady. By means of those screws 
the distance of the stadia wires from the 
center wire and from each other can be 
adjusted at will. 

For stadia measnrcment it is far prefer- 
able to use a telescope with inverting eye- 
piece as tliey allow a longer dif^VKHC.e 'u:^ 
be read; the little incon^emenc© a.t ^^*'^ 
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of seeing the objeete inverted will ve 
soon be OTercome, and the engineer w 
gladly adopt it, becauBe it enlarges t 
range of his work so advantageous] 
Light and magnifying power are t 
esBential points for a telescope used 
stadia measurements, more than in a] 
other branch of surveying. Therefoi 
the telescope ought to have none but t 
two-lens negative eye-piece, which invei 
the objects. The so called Kellnei 
orthoBcopic eye-piece should be ubi 
(Fig. 6) ; it is completely achromat 



P rig.e. 




and has the great advantage, whioh 
other eye-piece has, of an actually 1 
field and a straight dat image of any i 
ject, correct in perspective, distinct in 
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whole extent. It consists of three lenses, 
' the bi-convex collective lens C, the flatter 
r curve of which is towards the object- 
or, glass, and the achromatic lens O, which 
-»i is composed of two lenses, similar to the 
»^ achromatic object-glass. The diaphgram 
•r ft, ft, is a further peculiarity of this eye- 
^ piece. Messrs. Buff & Berger in Boston 
5 use such eye-pieces in their instruments, 
r The vertical arc must be larger than 
■y usual, so as to allow of a vernier reading 
: of at most one minute. In order to make 
L- no mistakes in reading the vertical angle, 
fc whether it be an angle of elevation or 
depression, the numbering of the vertical 
arc must be so arranged that the zero 
point of the arc corresponds with the zero 
of the vernier, when the telescope is 
level, and the numbers go from 0° to 
360**. By this arrangement the observer 
knows at once whether the angle is an 
angle of depression or one of elevation, 
witiiout using the signs of minus or 
plus. The now very often preferred 
arrangement of making the vertical arc 
fixed^ and the vernier mova\Ae> V\VXi 'Oc^fc 
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telescope is far inferior to the fixed ver- 
nier and the movable arc. 

A transit or theodolite fitted out in 
this way is called a tachometer, which 
means ^^ quick-measurer," and hence this 
method is " tachometric." 

The next instrument essential to the 
topographical survey is the rod or stadia 
rod or telemeter: this is a self -reading 
leveling rod, with a graduation fit to be 
read at a long distance. A good rod 
must have the following quahties : 

1. It must be light and handy for trans- 
portation. 

2. The graduation must be distinct and 
visible at long distances ; it is not to be 
closer than one-tenth of a foot, as other- 
wise the reading would become confusing 
for longer distances. Experience teaches 
that smaller subdivisions can more ex- 
actly be estimated than read by a direct 
division. 

3. It must have a good and reliable 
arrangement to enable the rodman to 
keep it in the required position. 

It is advantageous to add a target to 
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the rod, which is used but for the most 
important points, especially at new sta- 
tions for the instrument. 

The rod consists of two or more parts, 
which are either entirely separated dur- 
ing the transport and put together by 
means of screws or otherwise, when 
used, or they are connected with each 
other by hinges, or are made to slide in 
or along each other. I am using one 
which consists of three separate pieces, 
•each 5 feet long and of a cross section, 
as shown in Tig. 7 ; the ends are pro- 
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tected^by iron shoes ; the pieces are joined 
by screws. On the back is a circular 
level (Pig. 8). 

As to the pointing of the rod, the two 
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^■■styles ehown u 

H^praotical. The alternative position < 

the feet makes the reading a great deal 

easier and the whole graduation maeh 

more distinct. Fig. 11 represents a*ao- 

^- called '' combination rod," which can 




serve as a common leveliug rod by means 
of tlie email siibcliviHions. The largest^ 
jBe is represented in Fig. 9; it slides 
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along the small edges of the rod; the 
ciri^les do not touch each other, bat are 
yet BO close that the esact center of the 
target can be eetimated very exactly ; it 
has no Temier, which, however, conld 
easily be attached. 

Id order to save a second target, the 
end of the stadia ie shaped as shows in 
Fig- 12, so making it a stationary target 



Fig. 12, 




The colors to be used are best either 
black and white, or red and white ; red 
has the advantage that the cross wires 
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can be distinguished on it, which they 
cannot on a black division. The white 
ought to have a Hght yellow shade. 

These are the instruments used in the 
stadia method of topographical survey- 
ing. Now, I shall describe the mode 
and manner of working ; I have to make 
the distinction between work done with 
the tachometer and work done with the 
plane-table. 

For railroad surveys, with the tachom- 
eter, the field party must consist of two 
engmeers, one assistant, two rodmen, 
who serve at the same time as flagmen 
and eventually as chainmen, one or two 
axmen. The engineer in charge of the 
party, after a general reconnoissance of 
the country, selects the points upon which 
the rodmen have to place their stadia; he 
makes sketches of the general lay of the 
country in his field book, and numbers 
the points in his book as taken by the 
stadia. Goldschmidt's Aneroid will be a 
good companion for him. 

The purpose of the work and the scale 
of the topographical map — ^if such ia ti^ 
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be made — determines the niiniber of 
point? to be taken. In railroad work it 
will f'enerallv suffice to take as manv 
points as will enable the engineer to 
make an intelligent estimate of the 
amoimt of earthwork to be done, and to 
make accordingly changes of the line in 
his map without going anew into the 
field. The engineer in charge of the in- 
stniment places the same over the initial 
point, which is chosen so that as large a 
field as possible can be seen from it, with- 
out regarding whether it is in the prob- 
able future line. One of the rodmen takes 
all points to the left, the other all those 
to the right of the instrument; it is a 
matter of course that the rodmen must 
bo quite intelligent and well in^timcted. 
The assistant has charge of the field 
book and writes down the readings which 
the engineer calls out. He also gives 
the signals to the rodmen as directed by 
the engineer, and, if time permits, makes 
the necessary calculations. Some engi- 
neers do away with this assistant, but tiie 
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employment of oDe expedites the work 
to a great extent. 

A good and distinct system of signals 
between engineer and rodmen is very 
essential. In order to avoid confusion, 
each tenth point of each rodman is indi- 
cated by them by a signal ; also roads, 
trails, creeks, and similar objects must 
be marked in a similar manner. Where 
only one rodman is employed, a whistle 
or little trumpet will suffice ; when two 
or more rodmen are at work each must 
have his own style of signal. 

Two, or at the most three, rodmen are 
plenty to keep the engineer and one as- 
sistant busy. 

In order to avoid mistakes the rod- 
man, who is not sighted at, but has 
already arrived at his new point, should 
not put up his staff in correct position 
before he hears the signal, which allows 
the other one to move, but must keep it 
in an inclined position, being ready to 
place it correctly as soon as required. A 
well understood code of signals is a very 
important point. 
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After a sufficient number of points has 
heon taken, one of the rodmen goes to 
the engineer in charge, who selects the 
next point for the instrument, which he 
miist select in reference to a good fore- 
sight and in understanding with the en- 
gineer on the instrument, as the latter 
must give the correct grade by setting 
his telescope at a vertical angle corre- 
sponding to the grade the road shall have. 
Here the rodman uses the target. After 
such a point has been selected, the in- 
strument is removed to it. Meanwliile, 
th(j second rodman has returned to the 
former instrument point and placed his 
lod with the target on it; after the engi- 
neer has taken his back sight to this 
point and checked by it liis first stadia 
reading, the rodman comes to him and 
they proceed as before. 

Tliiii disturbance in the position of 
the telescope may be detected and ac- 
cordingly taken into account, it is advis- 
nbhi to sight at the beginning of the 
work at a iixed and well marked point, as 
a house corner or any other well defii ed 
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object, and to sight at it again at the 
end of the work before removing the 
instrument to the next point. This is a 
check which ought never to be neglected. 

In order to determine the distance be- 
tween the two instrument points as ex- 
actly as possible, and to free the same of 
all instrumental errors, the readings for 
those points must be done in both posi- 
tions of the telescope. The horizontal 
angles for those points must be read not 
only with the needle, but also with both 
verniers ; this also ought to be done for 
the determination of houses, bridges, or 
other important points. If the instru- 
ment has a repeating circle, it is advan- 
tageous to place the zero point of the 
verniers on the zero point of the limb, 
when the telescope is pointed to the 
preceding standpoint. 

Another precaution, to guard against 
errors in the distances, is, to determine 
two or three points in the line about 
half way between the two stand points, 
which are sighted at from either one. 
By this, two measurements of the dis- 
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tance are obtained, each independent of 
the other, thus giving a very good check. 

The method as described above, of 
course, allows many variations ; each en- 
gineer -will soon form his own style of 
working : so, for instance, if good, reli- 
able and intelligent rodmen are to be had, 
one engineer for the whole party will be 
sufficient ; the progress perhaps will be a 
little slower, and then besides, the above 
method has the advantage, that the en- 
gineer in charge has an opportunity to 
make himself thoroughly acquainted with 
the ground, to make valuable sketches 
and notes. 

The proceeding in a topographical sur- 
vey for other purposes than railroads, 
must be a little different, according to 
the space to be embraced. For rail- 
road siurvey, only, but a narrow strip of 
land on both sides of the line is required ; 
but for mining, irrigating and similar 
purposes the field to be surveyed is of 
larger extent. Therefore, the following 
proceeding is advisable. "Eit^t «^l^et a 
sa^cient number of pom\,a «X\. o^«t ^^JK^fe 
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country to be surveyed, which shall be 
the future points of the instrument. 
Select those points so, that at least two 
other points can be sighted at from each, 
and that as large an area of ground can 
be surveyed from it as possible. Secure 
them with good, solid monuments ; then 
make a triangulation of those points 
(which operation sometimes may be com- 
bined with the actual topographical sur- 
vey), and determine their heights by a 
careful leveling. After this proceed with 
the topographical survey as described 
before. 

This method, of course, is compara- 
tively slow, but gives most satisfactory 
results, as the work is constantly checked 
by the triangulation and leveling, which 
was done independently of the topograph- 
ical survey ; it is the best method for all 
mining and irrigation enterprises, and, 
generally speaking, for all undertakings, 
where permanency of the works is con- 
templated, and where during the course 
of the survey some engineerisi^^Qix^^sa* 
in progreaa. Here, tlioBe 'po\3Dl\:^^\s\%<^ 
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nometrically determined and well senn 
by good monuments, will always serve 
reliable points of reference and clie( 
they are of permanent value. 

Sometimes it will suiOfice to detenni 
only a limited number of trigonometri 
points, but well selected, so that tl 
can be seen from a great many points 
the field to be surveyed ; then the inst 
ment points are determined in referer 
to them. This method will prove ixn 
convenient with the plane table, as 1 
points then can be determined by 1 
three point problem. 

Although most engineers will me 
their own blanks of field book, to s 
their views and customs, I give here 
blank, which has served a good purpo 
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The stadia method, heretofore de- 
scribed in connection with the tachom- 
eter, is still more useful with a plane- 
table. 

The alidade is profitably provided with 
a so-called parallel ruler, which ^contrib- 
utes a great deal to the qmckness of the 
work, and— although not correct from a 
theoretical point of view— is quite exact 
enough for the work usually required. 

The compass box must be a rectangu- 
lar one to allow a line to be drawn along 
its edge. By this, the North line is 
directly drawn upon the paper. After a 
sheet is filled, or the work finished, it is 
advisable to draw the scale on the sheet 
itself, so that the changes of the paper 
shall not introduce error. 

For all further particulars about the 
plane-table, I refer to the book published 
by the U. S. Coast Survey on this sub- 
ject, and, for the adjustments of the in- 
struments, I refer to the catalogues of 
the diflferent makers. 

I will now refer to those topographi- 
cal maps in which tlic topography is rep- 
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resented by means of constant lines. To- 
use the words of Professor L. M. Haupt: 
" This method of representing topog- 
raphy is vastly superior to any other, 
as it exhibits exactly the slope of any 
portion of the ground, gives the elevation 
of the base of any object within the tract, 
enables one to make vertical sections in 
any direction with accuracy from the 
plot, and so locate roads, paths or other 
features upon a given grade or at any 
desired elevation, and furnishes the means 
of calculating the contents of irregular 
solids with great precision.'' 

A contour line is a line which connects 
all points of one and the same height 
with each other ; therefore, their nearness 
or distance on the maps indicate the 
steepness or gentleness of the slopes ; the 
nearer together, the steeper, and the more 
distant from each other, the gentler is the 
slope of the country represented. 

Although not exactly belonging to the 
subject of this treatise, I will say a few 
words about railroad locating generally. 
These are suggested by some remarks of 
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Ai-tliur M. Wellington, C. E., in the in- 
troduction to bis highly interesting book, 
*-Tlie Economic Theory of Location of 
Eailr jads." He says, page 18, and follow- 
ing: 

"Another inevitable consequence of 
such general neglect is that this intricate 
scifjnoe of design has been degraded in 
popular esteem, and even in tbe minds 
of engineers, who ought to know better. 
In former times the ablest engineers 
gave personal and unremitting attention 
to the work of location, but we have 
changed all that at the present day. As 
soon as a young man has acquired some 
facility in transit work, and has some glim- 
moiing notion that cui'ves and grades 
are very oVjjectionable evils — or are not 
very objectionable evils, depending on 
whoiri he 'ran transit' — he is forth- 
with a locating engineer, and he is such 
in fact in so far as this, that further 
practice will teach him nothing. For 
after making one or two surveys he will 
have mastered the mechanical process of 
Landling a party, and begm^io \oo\l ^ovra. 
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on the work of location — because he 
knows nothing about it. His work is 
the dead corpse of location, beginning 
and ending in the transit. If he is a ris- 
ing man he will soon find some other 
yoimg man to take his place in the field, 
and do the really important work, and 
very probably begin that vicious system 
of office -location from contour maps 
which has ruined the alignment of so 
many railways. Now, all this is espec- 
ially calamitous, for it is almost a cer- 
tainty that any one who has not a thor- 
ough theoretical, as well as practical 
knowledge of location, will fail entirely 
to catch the governing features of the 
region traversed, and find the line which 
has probably been lying there since time 
began. The instances are almost iunu- 
merable where young men — and old men— 
of this class have run over and under 
and across a line of the highest operat- 
ing value, and turned in a costly and 
miserable line at last. And the contour- 
map system does not help this evil even 
io the bands of a thorougViVj cw^«5cJ^^ «^- 
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gineer ; for the contour map is simply a 
device for doing ill in the office, the 
simplest part of the work, viz. : tlie first 
approximation to the adjustment of the 
line in detail ; and its most effectual of- 
fice is, to deaden the perceptive faciiItieB 
of the engineer in charge of the party, 
and transform him into a mere machine. 
Of what value is a contoiu* map of an ill- 
judged line ? The truly difficult part of 
location is the selection of the general 
route and the final ultimate perfection of 
its adjustment in detail ; and the engineer 
who can do this work well will thank no 
one for the rude assistance of a contour- 
map location, made without the detailed 
familiarity with the ground which* is 
gained by tramping over it. In fact, he 
will approximate to the detailed align- 
ment quite as well and as rapidly with- 
out any such assistance, simply by feel- 
ing his way upon the ground, profile in 
hand, and his party behind him, and 
guided by a few notes from a rough plot. 
Nor will such an engineer, if he have a 
true feeling for the dignity and impor- 
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tance of his work, be content with making 
some contour-map guesses to be tested 
by less skilled subordinates. If he is to 
interfere in any way and his judgment 
have any value on paper, it is worth more 
upon the ground ; and there is where he 
ought to be. He will detect more pos- 
sibilities while sitting on the fence in ap- 
parent idleness than by the longest study 
of maps, and however long his experience 
or brilliant his ability, he can at no time 
in his professional career have more im- 
portant financial interests depending on 
a chance inspiration. It should be more 
generally recognized that the place for 
the ablest engineers, which money will 
command, is not in the office or on con- 
struction, but in the field at the head o^ 
the locating party. 

" A large part of this evil is not the 
fault of engineers, but is due to the fact 
that the financial loss from bad location 
is too distant and indirect to excite an 
amateur's apprehension, and every officer 
of a railway, from the president down, is 
an amateur engineer— having all the am- 
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ateur's fondness for ' meddling and mud- 
dling ' in nnim2^oHant matters, and all 
the amateurs reluctance to recognize 
any tiling as imj^ortant which he does not 
himself understand. The fatuity dis- 
played by the average railway official in 
this way quite passeth understanding. 
He will pay lavishly for his attorney's 
skill in trickery: he will even pay re- 
spectably for the manager's skill in deal- 
ing with men and with things ; but he 
will neither pay for nor beheve in that 
vastly more needed skill of the engineer, 
in dealing with abstract physical and 
mechanical laws, and in determining the 
financial meaning of their relationship 
to involved and contradictorv facts. For 
tliis work he neither seeks for nor will 
he tolerate anytliing more than a hand to 
execute ; and the law of supply and de- 
mand gives him just what he asks for. 
Especially is this true in location. On 
the great majority of railways sm*veys are 
entrusted without the shghtest uneasi- 
ness to the first graduate of the transit 
who cornea to hand •, bwl ^^levi \ife \vssL'e» 
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completed his work, and construction is 
to begin, then we may behold an extra- 
ordinary and amusing spectacle. Then 
we may see half a dozen]|[business men, 
who probably show some common sense 
in their own affairs, scouring the country 
with a lantern to find a constructing 
engineer of the greatest possible ability 
at the smallest possible salary — ^to do 
what ? To pay over the money which is 
already spent; to pare and shave at the 
cost of work which might have been 
avoided altogether ; to hnild the compli- 
cated mechanism for which they have 
just permitted Thomas, Eichard and 
Henry to make designs and working 
drawings. This kind of folly has its 
root in some of the deepest foibles of 
human nature, and it will probably never 
be done with altogether ; but it is to be 
hoped that railway companies may more 
generally appreciate the fact that their 
road is built and equipped in the brain 
of their locating engineer — ^if he has 
any ; and that if his work be ill d.o\ift^ ^>3iL 
the engineers in Chri8teiidoixi\ia.N^ ^o\^^ 
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little r :■ r-fiiii'fJv Lis errors, tl: ^norh they 
t-xtcr.tr '.is foilv for hiii its proper cost. 
T::e tr;:Ii i-. in :-.i.?:. th:it ordinanr con- 
'stmovlv^: •^!::rir.rtriT:ir i? a nmch lower 
bran h of y'r:fe«-::r.-.il 'abor. r.nl makes 
fur :r:=«i Irir'ts oti iiiy<rr «y.ia'.:t:es of mind 
which ni-ike tlie tneineer. But n^assire 
piles of lir: unl stcne anl iron are visi- 
ble t-viltno-.s of pi?wer which impress 
tht iiiiair'r.-ition of tr.e wayfaring man as 
equal evider.oe? of ski:!, anil hence it is 
nut w-.ndtrful that the al-i'.itv of enfji- 
neers is iu> -re ircnerallv estimatvd bv the 
gmn«leur of tlie works tliey hive exe- 
cuted than bv those whioh thev have 
avoi«le»l.'' 

I quote these worJs in their entirtty, 
fii-st, because they partly meet with my 
most heart V consent : anil, seconil, be- 
cause thev are directlv contra rv to mv 
views and opinions : and. thiril. because 
they contain many things which ought 
to be generally known and considered 
by everybody interested in this question. 
I fully agree with Mr. A. Wellington, 
when he says that the location of a rail- 
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road is the most important work relating- 
to railroad affairs, which must be con- 
stantly and personally attended to by 
the chief engineer himself, and muf^t not 
be left to an inferior and inexperienced 
" transit man." And again, I fully agi^ee 
with him that the locating engineer and 
the constructing and building engineer 
ought to be one and the same person, a 
person who has exj)erience not only in 
those two branches of railroad engineer- 
ing, but also in the operating of a 
railroad. As Mr. Wellington has so 
thoroughly and admirably shown in hia 
book, the knowledge of the financial 
effect of a grade or a curve is the most 
important in the location of a railroad ;. 
and this knowledge can only be derived 
from actual and personal experience ; 
their effects can be investigated intelli- 
gently and successfully only by a man 
who has a thorough knowledge of the 
constructing of the road, and why it is 
so constructed, and not otherwise. The 
head of operation of a railroad ought to 
be an engineer, who is not — as he nearly 
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invai'iablj is, I am sorry to say — ^hmo- 
perc'l in his doings by a board of direct- 
ors who profess to know everything 
about managing a railroad, but who, in 
fact, do not know how to buy and sell 
sugar and <y)ffee. (That there are some 
brilhant exceptions in respect to these 
l)oards of directors ought not to be the 
cause to make them a rule). Iliis, of 
course, involves a higher standard of en- 
gineers than we usually have ; it in- 
volves the rtiising of the engineer profes- 
sion to the importance it desei^-es, and 
finally must and will have. As at pres- 
ent t lie engineers are situated, it is per- 
fect! v shameful ; it is inconsistent with 
the j^ui'pose he is here for, and is damag- 
ing to the welfare of the enterprise he is 
engaged for. Here is not the place to 
treat about this question to any extent^ 
but it is one of vitality to the engineers. 
As to Mr. Wellington's views on the 
contour-plan questions, I have to say the 
following: If the system of contour 
maps is carried on and used as it appar- 
entlj was sinoe Mr. W eX^TLgysviXi^ftassiSk 
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acquainted with it, it certainly is a 
" vicious system." But, if carried out in 
the right way, it is certainly the most 
beneficial system that can be invented. 
To bring about such an effect, the fol- 
lowing condition is essential : the person 
who makes, or personally and actually 
superintends, the location of a railroad, 
must be the same who locates the line in 
the contour maps ; by the survey and 
the tramping over the ground, he re- 
quires a thorough knowledge of it, and 
has made himself entirely familiar with 
all its qualities ; the contour map, then, 
is for him a fully intelligible image of the 
ground, and as it represents a larger 
field to his eye than he can overlook with 
one sight in the field, he can judge more 
intelligently about the relations of dis- 
tant parts to eac i other ; he can at once 
decide the effect a change at any point 
-will have on any other point. AVith what 
light Mr. Wellington says, " for the con- 
tour map is simply a device for doing ill 
in the office, the simplest "^^ceV* qI \3cife 
work, viz, the first appTO"3dixi«AA.otL \r^ *0£^^ 
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adjustment of the line in detail, and its 
most effectual oflSce is to deaden the per- 
ceptiye faculties of the engineer in charge 
of the party, and transform him into a 
mere machine," I cannot explain other- 
wise than that he has not had much ex- 
perience with the system, and that he did 
not get on the right side of it. The con- 
tour map is just like a rehevo of the 
ground, and enables the engineer to work 
in it as the sculptor works in his clay ; he 
can mould in it as the circumstances re- 
qiure it. The engineer, who has a thor- 
rough knowledge of the ground, and lo- 
cates a railroad on a contour map, in 
comparison to the engineer who locates 
the railroad but in the field, where his 
field of view is but limited, is like the 
general who leads a battle from an ele- 
vated standpoint, to the officer who has 
charge of only one wing of the army, be- 
ing situated so that his eyes can embrace 
but the small space occuj^ied by his own 
regiment or battalion. Now, as a change 
of any part of a railroad line — ^which is a 
continuous, uninterrupted line — affects al- 
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ways some other part of it, it is neces- 
sary to investigate at once the effects the 
change will have on the whole line. If 
there is no contour map it is necessary 
to locate a shorter or longer part of the 
line anew, which again may prove not ad- 
vantageous, so necessitating a third loca- 
tion of this part of the road. This is the 
cause of great delay and expense. But 
when there is a contour map, such ex- 
penses can be avoided. The engineer, 
who is familiar with the ground, locates in 
his contour map the new line, calculates 
by means of the same map the amount of 
earthwork to be done, finds, perhaps, 
that this new line is not an improvement, 
tries another one, calculates again its 
cost, and so on until he finally finds the 
best hne. And this is all done with but 
a slight expense. This, of course, al- 
ways supposes that the contour map is 
a correct one, and not on too small a 
scale. (1.1000 or 1.500 are the most 
practical scales.) I will give shortly the 
account of a location witti ttaia ^^^\«a^^^^ 
aotaaUy carried out by mya^. ^ ^^5^ 
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omit the account of the survey for 
contour map, and shall suppose the 1 
to have been made. It was constn] 
in a scale of 1.500, a scale which al 
the smallest unevenness which woul 
fluence the location of railroa^l to b 
pressed. The base line, on which 
survey was founded, was approximj 
the future railroad line, but, of coi 
without curves. The first thing* w? 
lay down the curves in the map, w 
were not staked out in the field, an 
calculate the grade for about every 
feet, then the so-called "intersec 
curve '' was constructed in the plan. ' 
is the hne, where a plane laid thrc 
the imaginary height of railroad ii 
sects the gi-ound ; it represents to 
eye at one glance approximately 
points where too much cutting or 
much filling wonld be necessitated, h( 
where the line should be chan; 
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of the curve was lying. This could be 
found without much calculation of cross 
sections. When the probable best line 
was found the cross sections were 
constructed and calculated, which 
were easily and quickly constructed 
from tlie map by assistants, the one 
reading the distances and heights 
from the contour map, and the other 
drawing the cross section on j^rofile 
paper equally divided each way. The 
area of the sections and also the cubic 
contents were found by means of the 
planimeter, the latter in this way : Draw 
in the center of the paper a horizontal 
line which shall be the axis of the ordi- 
nates, set off on it all distances of the 
cross sections, and erect in these j^oints 
verticals ; where cutting is draw vertic^als 
above the hue, and where filling, below j 
then set off on each of those verticals 
the respective area of the cross section 
(the areas represented by length) and 
connect the end points of these verticals 
with each other, by a continual and 
smooth curve; the scale for the arei;s. of 
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course, may be another one than that of 
the distances. Then find the areas of 
the figures enclosed by those curves and 
the horizontal center line with the plani- 
meter. These areas will be the cubic 
contents. 

These few remarks will suffice to show 
how useful the contour maps may be 
when lightly used. I shall now describe 
how the topographical map is made from 
the data derived from the tachometer. 
The first thing to be done is to lay down 
the base Hue, or the line which connects 
the different instrument points with each 
other, which is done by the common 
method of latitude and departure, or 
sines and cosines. The intermediate 
points are laid down from each point by 
means of a protractor, which is divided 
into half degrees, and has on its straight 
€dge two scales with a common zero 
point, which lies in the vertical drawn 
through the line of 90°. The graduation 
of the "protractor is numbered twice, onoe 
iromO^to 180°,andttxeTifaoTSi\9»^°\o«6Q'. 
The nambarB'run inttie 3aE^!XA.aiio^^Qi«&fc 
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to that of the instrument. The center 
point of the protractor is secured by a 
little horn plate with a hole in its center ; 
this is brought over the station point and 
a needle put into it, so that the protract- 
or can be turned around it as a center 
point. One person reads the angles and 
distances from the field notes (which 
have been completed first in regard to 
reduced distance in height), the other 
person first places the protractor so that 
the zero line coincides with the north 
line, then turns the same as much as the 
angle requires, and marks the distances 
by means of the scale and fine needle on 
the map. The scales of the protractor, 
of course, must be the scales of the map. 
After the point is marked down, the 
height as given from the field notes is 
written near it. After all points ai^e laid 
down in this manner, the contour lines 
must be drawn, which can be done in 
many different ways ; it should be done 
by the engineer who has charge of the 
field j^BJcijy because he is the* t£iQ%\i i^- 
miliar with the ground. 
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A'?c ^rJing to my experience, the best 
anJ quickest way is the following : TJfle 
paper which is divided into squares, with 
sid^ifS of one-tenth of an inch length ; then 
draw a profile through the two points be- 
tween which the contour lines shall be 
constructed. The intersections of the 
horizontal lines with this line will be 
the points of the contours, and their difi- 
tance from the center vertical line will be 
their horizontal distance. 

The cun-es must be drawn with great 
care, and full understanding of the 
ground ; the construction is a problem of 
descriptive geometry, and requires great 
attention. 

The points actually obtained should 
not be rubbed out after the contour lines 
have been constructed, but they must be 
preserved by a little black point, and the 
number indicating the height also in 
black. The contour lines should be 
drawn either with burnt sienna or with 
green ; their numbers must be written on 
them at many points with the same color. 
Each fifth or tenth curve should be drawn 
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in a little different manner from the other 
— ^for instance, dotted or stronger ; this 
contributes a great deal to the distinct- 
ness of the plan. All other details of 
the map should be marked black with the 
conventional topographical signs. The 
steepness of the ground, the scale of the 
map and the purpose of the work, deter- 
mine in which heights the contour Hues 
shall be drawn, whether for each foot or 
for each 3, 5, 10, 20, or 100 feet. 

V 

THE SLIDE BULE. 

It would be very tedious and slow to 
calculate for each point the respective 
values according to the formula, as above 
given for the distances and heights. 
There are several tables published which, 
with two arguments, give the respective 
values (one is calculated by Alfred Noble 
and W. T. Casgrain, assistants U. S. En- 
gineer office at Milwaukee), but the best 
device is a slide rule, which was first con- 
structed by the Swiss Engineer Esch- 
man, and afterwards improved by Pro- 
fessor Wild in^urich. 
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I suppose the theory and use of the 
common slide rule is known to the 
reader (if not I refer him to my pamphlet 
on this subject). 

The slide rule as used in topographical 
surveys consists of a ruler A, a slide C, 
and a coulisse B. 

The ruler has on its upper paii four 
equal scales, each of which is a logarith- 
mic scale of the common numbers. The 
scales commence with the number one, 
as the logarithm of 1=0; the space be- 
tweeu the numbers 1 and 2 is divided 
into 50 parts ; that between 2 and 3, and 
3 and 4 and 5 into 20 parts each, and that 
between 5 and 6, 6 and 7, 7 and 8, 8 and 
9, 9 and 10 (or 1 of the following scale) 
into 10 parts each ; hence the scales read 
as follows, commencing on the left 1, 

1.02, 1.04, 1.06, 1.98 ; 2. 2.05, 2.10. 

4.95 ; 5.00, 5.10, 5.20, 5.30, 

9.90, 10.00. With increasing numbers 
the divisions become smaller, as differ- 
ences between their logarithms be- 
come smaller. The values between the 
diviedons must be estimated. The num- 
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hers indicated on the scales can stand 
either ft)r the numbers themselves, or 
they may stand for any decimal value 
of them; thus, 1 stands for 1, 10, 100, 
1000, etc., or 0.1, 0.01, 0.001, 0.0001, et^.; 
2 stands for 2.20, 2.00, 2.000, etc., or 0.2. 
0.02, 0.002, 0.0002, etc. It is a matter of 
course that the value given to one num- 
])er of the scale influences the whola It 
is practicable to give the first scales to 
tlie left, the value of from 10 to 100, and 
the second of from 100 to 1000. 

On the coulisse B. there is the scale of 
log. cos. n^ (see formula 3) ; this scale 
ctnmts from the right to the left, as cos." 
n is always smaller than one, their loga- 
rithms are therefore negative. The 
space from 

to 10 is equal to the log. cos.' 10°, 

tliat from 

to 20 is equal to the log. cos.* 20'', 
to 40 is equal to the log. cos.' 40®. 

The first part of the space to 10 stands 

for log. COS.* 4°, the second for log. cos.' 

G""^ and the third ior \og. w>^? ^^ , ^Taa 
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part between 10 and 20 stands for each 
two degrees, and those between 20 and 
40 for each degree. 

This scale on coulisse B in connection 
with the scales on A, are used for calcu- 
lating the distance ; it is : 

Log. drzzlog, (a cos.'«)=rog.aH-log. 
cos'n log. a (the logarithm of the stadia 
reading) is given on scale A, log. cos. ji 
on scale B. 

Place the point of the coulisse B 
above the stadia reading on the scale A 
(or above the stadia reading plus 1.5;>), 
and look which number in the latter 
scale stands below the vertical angle of 
scale B ; this will be the horizontal dis- 
tance. 

Example: Stadia reading a=2.4:8', /> 
=12", w=5°20' ; place of scale B above 
249.6 (« A; -I- c) of scale A, and read under 
5°20' the reduced distance estimated to 
248'; if the angle were 

10°, D would be =242', 
20°, D " =221', 
30°, D " =1^1 .T , 
40^D " =\4<^.^,^Ve. 
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From this inBtance it can be seen that 
for smaller angles the result, as given by 
the slide rule, is not as exact as for 
greater angle, but still exact enough for 
practical purposes. 

On the sHde C there is the scale of 

sin'^i 
log. —^ — [see formula (6)]. It com- 
mences with the value for 35 minutes at 
the right hand end, and the graduations 
from 1 to 3 stand for each) two minutes, 
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therefore, place the line for the vertical 
angle on the scale C uuder the stadia 
reading of scale A, or A^ and find above 
the left index (the Hue with the star) the 
height. In case the left index falls 



76 



beyond the scale, the center index or the 
ripfbt one can be used, but it must be 
considered that the center one gives ten 
times, and the right one hundred times 
the reading of the left index. 

For the number of places of the height we 
have the following rule : If the height be 
found in the same scale as the distance 
(or the value ak) is taken and the left 
index be used, the height has as many 
places as the distance; but if, in the 
same case, the right index be used, it has 
two places less than the distance, and if 
the center index is used it has one place 
less than the distance ; if the height be 
found in the preceding scale and with 
the left index, it has one place less, and 
if, in the same case, the center index be 
used it has two places less, and if the 
height be found in the following scale 
with the right index, it has one place less, 
and if with the center index it has just as 
much as the distance. In the following 
table z stands for the number of places 
of {ak) : 
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For smaller angles than 35 minutes the 
angle must be multiplied (perhaps by 10)^ 
and the result divided by the same num- 
ber, which safely can be done, as for 
small angles the sine is nearly equal to 
the arc. If we had, for instance, w=0''6', 
we would take 6x10=60' or 1°, and 
place this angle below the stadia read- 
ing and divide then the result by 10. 
Example: a =3.45, n=20'; place the 
angle 10+20'=3°20' below 345, find 

(the exact result is 2.05.) 

On the lower edge of the slide rule, 
there is yet another scale, which is used 
for the reduction on account of refraction 
and curvature of the earth in greatly 
extended topographical surveys. For 
this scale, the lowest index, which corre- 
sponds with the others, is to be used in 
this way : place the index of the coulisse 
6 over the distance in scale A, and find 
the correction under the \o^Nt^\> vtA^-x. 
on the scale of the lower mfliex, ^\!\i<««a»^ 
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eorrectious are in the metric system. 

For instance: 

D=500», Correction=0.017», 
0=1000-, " =0.068% 

D=1500», " =^-^^J 
I)=2000«, " =0.26"*, 
etc., v^hich correction ie to be subtracted 

from heigUts. 
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METHODS IH TOPOGRAPHICAL SURVEIIHG. 

While in Paris, daring the winter of 
1874, the attention of the writer was 
called to the extensive application of 
photography to topographical engineer- 
ing, ae practised by the French engineers. 
This fact was pointed out in the Reports 
of the TJ. S. Commissioners to the Pdria 
Eiposition of 1867,* with a brief de- 
scription of the principle under which the 
process was conducted : but so far as the 
writer is aware, the method has re- 
ceived no practical application in this 
eounta'y, nor the attention which is its 
due. The value of topographical maps. 
eepecially in railroad surveys, ia too well 
known to be insisted upon, and the aid 
they have rendered in France, especially, 
, Jjg Tsry notable. Any process by which 
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the time, and thus expense, of a topo- 
graphical survey may be reduced, has 
therefore a peculiar value in this country 
where the magnitude of the work has 
proved, as it were, a dead weight to any 
extended project of this nature. The 
photographic process, for example, would 
be invaluable in the projected survey of 
the State of Massachusetts, and will 
amply repay the brief study which its 
novelty demands. It has long been 
the practice in hydrographic and topo- 
graphical surveys to make sketches of 
the shores or landscapes, on which are 
written, near prominent points, their 
angular distances measured by an instru- 
ment. This was extensively practised in 
the hydrographic surveys of the West 
coast of France, and notably also in the 
surveys made during the voyage of the 
"Bonite." In the report of the Abys- 
sinian Commission made to the Academie 
ilea Scieyices in 1846, M. Arago urged the 
adoption of panoramic views, with the 
angiilar distances between prominent 
points (one of which should be exactly 



located) mscribed thereon, as a preven- 
tion against errors and a precious source 
of reference for all time. Even as far 
back as 1802, a Commission had been ap- 
pointed by the French War Department 
to etndy this subject, and its report* coo- 
tains the following remark : " The Com- 
mission believes it is always useful and 
often neeeesary, in topography, as in the 
other arts, to add to the horizontal pro- 
jection, or plan which constitutes the 
map, a vertical projection or pei-spective, 
and desires that wlien possible this may 
never be neglected, even when at the 
time its utility is not apparent." 

The fii-st systematic study of tbJ6 sub- 
ject was made by M. Laussedat of the 
Engineers. For this purpose, he em- 
ployed, in 1854, Wollaston's Camera 
Lucida, under a slightly modified form 
to avoid paraiias. Snbsequently, in ISGl- 
2, this study was extended to the Camera 
Obscura. With the assistance of Capt. 
Dncrot and others, M. Laussedat used 
the process to be described in numerous 



»-:::er.'.le i ^'irvevs. and it is to the cot 
Hv f ti.-r latter, now Colonel of E 
1.^.-* 1*. t'hsit the writer is indebted 
Ti.ar.v -letails which are the fruit of 
jieiifrnce alone. 

A- e^-idfi-ncinir the economv of 
nic-tl:"! ill time, reference may be n 
to x\jr woi'k done in Savov and the "^ 
g^'S. L. tlie former department, one i 
v^'V "t IS davs' field work sufficed 
80.000 acr^^. contour lines being map 
rj meters apart, giving o months* ol 
work. In another case, 110 proofs "v 
tuk'-n lor 20,000 acres, the field 'w 
consniuiij^ but 15 days. These exam] 
arf- taken at random from among m; 
instances to show the relative time 
quired l>y this and the usual metl] 
This will depend somewhat, of con: 
upon the character of the country, 
1\I. Laussedat has not found that it 
fpiires more than one-third that by 
ordinary triangulative and often h 
In the field work alone the economy 
veij apparent. The inftlTwixieviV. ^tol^I 
^d is a combination oi t\ve eaxxict^ 
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theodolite. The camera proper carrier 
on its front face the ueual objective, 
mounted in a sliding tube, so that the 
focsi p)ane may be made coincidental 
with the BeQBitive plate at the rear of the 
chfiKiber, and tbie tubp is provided with 
the iiBiial diaphragm to insure the dis- 
tinctness of the images. A cover simi- 
lar to that of the telescope excludes the 
light, but should slide easily on the ob- 
jective without disturbing the instrument 
when leveled. Once focussed. tbe posi- 
tion of the tube may be marked, as it 
will not be necessary in landscape views 
to readjust it, as for uear and distant ob- 
jects. Tbe grooves in which tbe slide 
containing the sensitive plate moves 
should be constructed with care, so that 
the latter may exactly occupy the focal 
plane. Within the chamber are placed 
lour fine needles, one in the middle of 
each side near tbe slide, destined to in- 
tercept the light, thus mai'king on tbe 
pfa four points, which joined,- ^^it «. 
mW and vertical line feioxv^ '^^ 
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center of the field of view, whose U8e 
will be shortly noticed. 

The chamber is supported in the usnal 
way by two cylinders, one solid and fixed 
to a tripod with leveling screws, the other, 
hallow and enclosing it, is fixed to the 
chamber. The chamber may thus be re- 
volved about the vertical axis with the 
hf)llow cylinder which carries a vernier 
reaching a graduated limb fixed to the in- 
ner axis. An 8-inch limb with a minute 
reaching vernier is sufficiently accurate 
for all operations which are to be graphi- 
cally reprinted. 

On one side of the chamber is a tele- 
scope and level. This telescope has a 
motion about a horizontal axis, and car- 
ries in its revolution a vernier reaching 
a vertical limb fixed to the side of the 
chamber. The plate on which this arc 
is engraved is one piece with the axis, 
which projects simply far enough to per- 
mit the vertical motion of the telescope. 
This apparatus, as well as the objective, 
may be dismounted lot \)«b^^vDL^ Vci ^ 
iarATia*Hi.t6 box as U8\\a\, and a Qo>MiV«r^^'\&^ 
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on the oppoBHe side of the chamber in- 
siires stability when mounted. The ad- 
jiistments of this instrument ore ob- 
vious; 

iBt. The axis of rotation of the tele- 
scope must be vertical. In the instrument 
seen by the writer there wei'e but three 
leveling screws, and the horizontal limb 
was so constructed that when the zeros 
of both verniers were at the zeros of their 
respective limbs, the level was parallel 
to a line, joining two of the screws. The 
adjustment wsb then readily made with 
the leveling screws and tangent screw 
to the telescope. This construction, 
common to PreDch instruments, is of 
course unessential. 

2d. The line of colUmation of the 
telescope, which is provided with both 
cross and stadia hairs, is efiected as 
usual. 

3d. The opUe axis is made horizontal 
as in the ordinaiy geodesic instruments. 

tthe reading of the vetaiev ftftftx si- 
lent is the error oi ccAYvmsAK.o'ci,H.'a\ife 
' or subtracted, accoT^va^ Vft -AJ 
M 
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sign, to the vertical angles sabsequeutly 
taken. Two important conditions must 
be fulfilled by the maker: (a) When 
leveled, the axis of the telescope and the 
optic axis must be at the same height 
and thus describe one and the same hori- 
zontal plane during the chamber's revo- 
lutions ; {b) The slide at the rear of the 
chamber, when in position, should be 
vertical and perpendicular to those axes. 

It is thus seen that the instrument dif- 
fers from those ordinarily in use only in a 
few details dependent upon their com- 
bination, and its use requires a knoT?l- 
edge of only the simplest principles of 
scenographic projection. Indeed, the 
proofs are themselves conical projections, 
the optic center of the line, which is the 
vertex of the cone, being the point of 
sight, and, as in landscape views, the ob- 
jects represented are so far distant as to 
have their images formed on the same fo- 
cal plane, the distance of the point of 
sight remains constant. 

TbuB let O be ttae o^lic ectA.«t oil NJc^fe 
obiectire, its axis O P \>«v\i^ VoTv-Lo^Xa^. 



oa 



\ 








90 



and £ y the glass slide at the rear of the 
camera, occupyiDg the focal plane. Then 
O is the point of sight, P the principal 
point, rn H the horizon, and any two ob- 
jects as A and B will appear at a and b. 
If a glass :c' y' were placed between the 
objective and the landscape, and at a dis- 
tance from O equal to O P, the repre- 
sentation would be similar to that on x y, 
and will in part correspond to a positive 
proof. 

If the perpendiculars be let fall from 
<i' juul b' upon the horizon m' ;/, and 
their feet joined with O, then will oa" and 
oh" be the projections on the plane of 
the horizon of the visual rays O A. and 
O B, the angle a" oh" will be the angular 
distance between A and B reduced to the 
horizon, while the angles a' oa" and 6' oh" 
are the angles of elevation or depression 
of objects above and below the horizon. 
All points of the landscape at the same 
level as O will appear on the horizon, 
the curvature of the earthy unimportant 
in such operations, bemg TLeg\^^X.fe^. "Y^^ 
pr- ' ' *hu8 a corneal pTo\ec\:\o3Q. ^Vo^ 
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point of sight is the center of admission 
of the lens, and the distance of the point 
of sight from the plane of the picture is 
the principal focal distance. 

If then x' y' be a photographic view on 
which the position of the principal point 
P' and the horizon m' n' is known, as well 
as the principal focal distance of the lens, 
let the plane of the horizon be revolved 
about m'n' until coincident with the plane 
of the picture. O will be found at a dis- 
tance from m'/i'= principal focal, and is 
the revolved position of the point.of sight. 
Join the foot of the perpendiculars a' a" 
and V b" with O, then a' oh" will be the 
horizontal angle between the objects hav- 
ing a' and b' for their images, ^. e., the 
angle usually measured in the field. Fi- 
nally, the vertical angle of any object as 
that whose image is a', is obtained by 

a' o" 
the ratio — 77-, the trigonometrical tan- 
gent. 

Both the vertical and lior\7.0TiV»N.^\i.^^"^ 
are thus determined from ttie Vicxxa. 
Sappose, now, a base \me ab tcv^^«^^^^ 
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in the field, as also two angles cba and 
c a 6 on any prominent object as c, and 
that a be he the plot to any convenient 
0oala Having two angles and a side, the 
•% c and 6 c may be computed. 
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Suppose also two views x' y -^ x y^ 
taking one from a and one from h^ and 
both containing the object c at c' and Cj. 
respectively. Having let fall the per- 
pendicolars c' d and c^ c.^, let the proofs 
be revolved about their horizons into the 
planer of the picture, and the points of 
sight placed at a and h respectively. Join 
c" with a and c^ with ft, and revolve each 
v^ire about a and h respectively, till c" a 
and cji> pass through the point c previ- 
ously determined. In this position any 
object on both views may be located •: n 
the plan. Thus, one whose images are 
/" and /* will be found at/', the intersec- 
tion of two lines af' and hf^ drawn from 
the points of sight to the foot of the per- 
pendiculars /*' /*" and /'j/'g. It is thus 
evident that a great number of points 
may be determined without further direct 
measurement. The plot is verified as 
usual in the method of intersections. A 
third view, x' y ", taken at any poiut a& 
d, and containing the object c, is placed 
in a position as before, so that the 
line dc^ passes through c. A line joining 
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d and /^ ehould pass through /. Once 
verified in this manner, all views contain- 
ing objects thus fixed can be placed in 
position. M. Lanssedat, however, finds 
it preferable to measure each base, and to 
take either one or two angles to fix 
the position of each proof. Usually 
the angles between the basis and the 
angle between the base and principal 
point are measured. All other objects 
which are to be represented on the plot 
are located from the proofs. 

To determine the height of /", for ex- 
ample, suppose the focal distance 1^*.5, 
and let a/^'^l^.SS /y'=0".05, and af 
=0^<^.55, and the scale be -jxjW- Since,/" 
/"''is the apparent height of /'' at the 
distance af\ and c//x 8000 its true dis- 
tance from the proportion 

a/":a/*x8007 iiff'ix, 
we have 

a;=a/*x8000^;r=.55x8000f^=: 

a/ 1.55 

the height oi an^ ob^^cX. ^o^^ >^^ 



rtremity of a base is found by multiply- 
ing the tang, of the angle of elevation (to a 
radiuG equal to the distance of the eta- 
iion from the foot of the perpendicular 
through the object) by the true dietance 
as found on the plot. To this product 
the height of the instniment nmat, of 
course, be added. 

The heights are also verified by per- 
ming this operation with reference to 
wo stations n and b, whose difference of 
line is known. It is not necessai-y that 
this difference be measured in the field, 
since any difference in line between two 
sections will be indicated on the proofs 
by a change in the position of the hori- 
zon, and may be therefrom determined 

This horizon is indicated on the pic- 
ture by the shadows of the needles al- 
ready mentioned as placed within the 
camera. These needles are adjusted by 
the miiker, but are held in smtill pieces 
moving in grooves, no that their readjust- 
ment is always possible. To effect thia 
a ia only lo be remeTdbeveA. ftiix^^ V&w 
the instrument is in adjwa^ineTiX. vmi ter 
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V'.'.v^-l. tilt iixis of the camera and tele- 
-•'•oj-t.- 'It-soribe the horizon, so that if, 
•luriii;/ this motion, the intersection of 
Tue fr-jss-hairs be fixed on any object its 
inififre •-•n tlie glass sHde will fix one point 
'.f tlie h'»riz«jn. and by turning the instru- 
iii».-iit to the ri<,'ht and left till the object 
is brouglit to tlie edges of the slide, two 
iMjiiits may be there marked, and the 
slifi'lows of tlie needles should fall on the 
liiie wliioli i»oiiits them. The position of 
tli«' needles j^'iving a vertical through the 
(•♦•liter may be verified on the positive 
jiroof. Kxcept in case of accident, this 
{idjustmeiit. if made by the maker, need 
not be repeated. 

If. as is usual, the objective is fixed in 
the middle of the front of the camera^ 
the horizon will divide the proof into two 
equal portions. M. Savar}' has modified 
this arrangement by making it movable 
in two vertical grooves, one of which is 
graduated to permit the measurement of 
the displacement. In vei7 mountainous 
districts the position of the horizon on 
the proofs may thus be changed. When 
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the point of sight is above objects whose 
images do Dot fall within the tiiiiits of 
the proof, the horizon should be lowered, 
ftnd vice versa. The line marked by the 
needles Tnll then indicate a parallel to 
the horizon, which may be drawn parallel 
to this line and at a. distance from it 
given by the graduation near the object- 
ive, whose zero, of course, corresponds 
to that position in which the horizon is 
given by the needles. Aa the image is 
reversed, when the objective is raised the 
horizon must be drawn below, and Tu-e 
versa. Ordinarily the views do not cover 
all the field, and this simple expedient 
permits the increase of the field of view 
in certain cases, without increasing in- 
conveniently the dimensions of the ap- 
paratus. 

The distance of the point of sight from 
the picture, i.e., the focal distance of the 
objective may be found from the triangle 
a" J" ('/" being any object on the hori- 
zon), by the formida 

OP=a" P' cot a" OP', 
«" I*" being measured on tta 'p^ooiiOo.i 



i<^ 



.::'-«= r OP r..T the horizon tal mo- 



TLe _-:•=■■• 11 CI. la? probably alreadv oc- 
': .rrel : : :i.e rcsa^itr. to what extent does 
TT.Leri'-il ah-trrratfon prove a source of 
rrr:r in the u^e of the camera obscura? 
For ob;eots -lisraiit from the center of the 
neM of vie-K- will iiot hare their images 
formed t:r-KC'hj in the principal focal 
plaLe. The verv able researches* of Col. 
Lausse'^lat on ibis subject published in 
l^^j4. show that in the clearest manner 
for all ordinary cases where the apparent 
heights of objects above the horizon on 
tlie view are small, the vertical compon- 
ent of the angular deviation (which is the 
saiiie in every direction, everything being 
synjiiietrical about the optic axis) may be 
neglected. So that, except in rare casee,. 
the; trigonometrical tangent, already 
given, is taken as the measure of vertical 
angles. The horizontal component, how- 
(tV(T, can not be neglected. With a 
simple achromatic objective of 0™.081 
diameter, and a focal distance of about 



* Mcmoiial de TOfficer du Genie, No. 17, p. S78. 
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0™. 5, and a diaphragm of 0™.015 openings 
0™.077 in front of the nearest lens sur- 
face, the focal distance was found to dif- 
fer slightly with the position of the point 
a". Thus, for a point 0™. 005 from the prin- 
cipal point, the focal distance was 0°^.505, 
but for a point near the border of the 
field of vi6w, 0™.1476 from the principal 
point it was 0™.500. That is, the focal 
distance diminished as the point from 
which it was calculated receded from the^ 
principal point. Evidently, then, if in 
the construction of the plan the focal dis- 
tance was used, as found by a poiut near 
the center, the error would increase as 
the instrument was turned, and in 360° 
woiild reach, in the above case 4^. If, 
however, we use for focal distance that 
calculated from a point near the border 
of the field, the error does not multiply ;. 
near the principal point and borders it is 
altogether insignificant, and midway be- 
tween is a maximum, where in the above 
case it would not depress 5 minutes. 
"Without corrections, therefore, an exrxt- 
ness is obtained by this precaution more 
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than sufficient for graphic construc- 
tions. 

After what has preceded, the following 
resume will be clearly understood : 



FIELD WORK. 

This includes first the measurement of 
the bases and angles. The notes are 
kept in five columns, in which are re- 
corded : 1 ^ the position of their stations ; 
2° the length of the bases ; 3** their in- 
cluded angles ; 4^ an angle measured be- 
tween the base and any point in the field 
of view, serving to fix the position of the 
views on the plan. (These may be the 
principal points.) 5° remarks. 

The base may be measured by the 
chain. With the 12 ^ -inch telescope^ seen 
by the writer, and adopted as a good size 
for a camera whose horizontal dimensions 
are 16"xl8", bases not excluding 1,000 
feet, may be measured to within less than 
oj.jth by the stadia. The stations are 
best chosen on the borders of the survey 
on dominant points, but central ones 




F 
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necesaarf, and in an extenHive 
ej- are selected very mucli as in ordi- 
tri angulation, those being tbe most 
lyantageoiiB which are suiEcientlj ele- 
cted to unmask more distant objects. • 
■Stations near together are to be avoided, 
ne the bases are thus short as compared 
with the lines of intersection which fix the 
(jects oil the plan, and therefore inter- 
:t under an acute angle. Should this 
unavoidable, a simple method of avoid- 
ing inaecnracj- ^vill be indicated in the 
description of the office work. The photo- 
graphic operations do not need descrip- 
tion here. It may, however, be said that 
the French engineers prefer the use of 
paper to glass, which is fragile and heavy 
in extended surveys. The positions thus 
obtained, though less distant usnally than 
those obtained witii glass, are sufficiently 

BO. 

Finally, in certain localities, as among 
buildingB or in depressions, slight sketches 
will complete the details and obviate a 
multiplication of views. 
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OFFICE WORK. 

InasDinch as the focal distance is the 
scale of the views, it bears a relation to 
the scale of the plan. M. Ijaussedai 
states that experience has shown a focal 
distance of 0™.5 best adapted for scales 

between Tr^jV'r ^^^ f iru ot- The distance 
at which one may operate also depends 
upon the scale. Suppose the scale 
chosen is ^,/o~u' ^^^^ * focal distance of 
0™.5 will represent on the plan 1,500 
meters, and points at a much greater dis- 
tance from the station will not be ob- 
tained with the desirable precision. Were 
the scale ^^jVir, however, the operations 
could be conducted at 4,030 meters. The 
bases are just plotted with the protract- 
or, and at eich station is laid off the 
angles, taken from the notes, between 
the base and principal points of the sev- 
eral views. On each of these lines is laid 
off the focal distance, and at their ex- 
tremities a perpendicular drawn, which is 
the trace of the plan of the picture. 

A distant position serves for the deter- 
mination of the focal distance. With 
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this distance for a i*adius, tbe trigono- 
metrical tangents of 1°, 2°, 3° 15° are 

calculated (a field of 30° giving the best 
results) and these distances are laid off 
each way from the center of a horizontal 
line on a separate piece of paper. Through 
the points of division perpendiculars are 
then erected, and the descents of the 
same angles to the same radius computed, 
they being the length of the visual rays 
between any object and the point of 
sight, reduced to the horizon. Finally 
parallels are drawn to the horizon at equal 
distances apart. This diagram is then 
transferred to all the proofs taken with 
the same objective, taking care to make 
the coincidence between the horizontal 
line and the vertical through the center, 
and the horizontal and vertical line 
through the principal point on the proof 
exact. Every point is thus referred to 
the horizon and vertical line, and the 
length of its visual ray reduced to the 
horizon is known. 

To fix any point on the plan, its hori- 
zontal co-ordinates on two proofs are 
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transferred by the dividers to the hori- 
zonH on the plan, and their extremities 
joined with the proper points of sight. 
To determine the heights we have abready 
deduced the formula 

x=8d^, in which 
a 

x = true height sought, h = apparent 
height ./•'/' (Fig. IIL), «c?=tnie distance 
af\ 8 being ihe denomination of the scale, 
and r?'=the apparent distance a/", or the 
visual ray reduced to the horizon. 

As in this formula d' is the secant ex- 
actly calculated and a is given, any error 
that may arise will be due to d and /i, the 
former being measured on the plan, and 
the latter on the proof. Both of the er- 
rors due to d and h will then be molti- 

plied by the fraction -^ and therefore are 

proportional to the scale and focal dis- 
tance. Furthermore, any error in A, be- 
ing multiphed by d, will be greater as 
the object is further off. Views should 
then be taken as near as possible to ob- 
iecta where heights are desirable. For 
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distances less than 550 yards the error 
will not oxceoJ one foot with an objective 
of l.*64 focal distance. For extended 
surveys in which the contour lines are 
10', 15', or more feet apart, all desirable 
accuracy is obtained with the above pre- 
caution, while, as already shown, an ac- 
curacy more than sufficient for graphic 
construction is obtained for the plan. 

The office leveling notes are kept in 
eight columns as follows : In the 1° Des- 
ignation of the points whose heights are 
sought. 

2°. d' — the calculated descent or visual 
ray. 

3°. «rf— the true distance taken from 
the plan. 

4°. ± A— the apparent height, taken 
from the proof. 

5°. ± X — the real height calculated 
from the formula. 

6®. The height above the plane of ref- 
erence of the stations to which objects 
are referred. 

7®. Absolute height above plane of ref- 
erence. 
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ii' . Remarks. 

In operating upon bases small as com- 
pared with the visual rays, construct, on 
training paper, for each station a few 
lioiizontal angles for objects as distinct 
and far apart as possible, and fix these 
constructions on the plan as usual. Should 
the intersections not prove perfect, and 
if the angles have been carefully con- 
struetel, by very slightly moving the 
papers in succession, their position after 
a few trials may be completely rectified. 
The principal lines may then be marked 
lightly on the plot in pencil. 

Tiie leading operations and principles 
of the method have now been described. 
Both M. M. Ducrot and Laussedat have 
compared at different times the results 
of this method with those obtained by an 
ordinary survey on the same ground, and 
found them remarkably exact, even on 
very difficult ground. The advantages 
of this application of photography are 
evident. No sketch can compare in com- 
pietenesB or exactrveaa \N*\\Jti\5i\tt\osECM5hic 
'^ws, and by no ottier nkfewcia ^^\.>ECL^'^r^ 
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le time and labor of a topographical 
y be thus abridged. In proportion 
e survey is small and the greatest 
ble accuracy requisite, this method 
its superiority. But for larger sur- 
its advantages are unquestionable, 
in all cases may be made a valuable 
;e of contribution to those details 
b would otherwise demand a long 
tedious direct observation, and the 
ographs constitute a series of notes 
. for all future reference. As briefly 
sed in this paper, it is regarded as 
last used on this subject by French 
leers, and in view of the probable in- 
je in topographical surveying in this 
try deserves the attention of our 
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INTRODUCTORY. 

I. I PURPOSE to set forth, as briefly as 
possible, a few results obtained from the 
application of the '^ Geometry of Posi- 
tion " to the solution of such problems in 
surveying as are of every-day occurrence, 
believing that the results thus obtained 
will not prove altogether uninteresting 
or unprofitable. As the Geometry of 
Position^ however, is a branch of math- 
ematics, scarcely known even by name in 
this country, some statement of its pecu- 
liar character and chief merit seems quite 
in place by way of preface. 

That such a statement can be justified 
on such grounds, is, to say the least, a 
matter both of regret and surprise. Of 
regret, that so simple, so beautiful, so 
eminently useful a branch of mathematics 
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lias been suffered to remain so long un- 
lieeded. Of surprise, that in spite of the 
relation in which Geometry stands to all 
other branches of mathematics, a most 
important advance in Geometry is quite 
unknown ; that in spite of the efforts so 
persistently made to simplify and reduce 
all mathematical processes, a most effect- 
ive agent for this purpose is yet unused. 
Nothing perhaps is more characteristic 
of the present state of the mathematical 
sciences than the simplicity of their solu- 
tions. It seems, indeed, as if that invent- 
ive spirit which in the industrial arts has 
led to the production of numberless 
labor-saving machines, has invaded even 
mathematics, and led to the production 
of all manner of labor-saving processes 
of solving long and difficult problems, 
till now it is possible to solve graphical- 
ly, with the ruler and pencil, any prob- 
lem -from a proposition in the rule of 
three, to the determination of strains in 
the parts of the most comphcated engi- 
neering structure. In the industrial arts 
such labor-saving machines are said to be 
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the direct result of a lack of skilled man- 
ual laborers: perhaps in mathematics 
such labor-saving processes may, to some 
extent, be the direct result of a lack of 
skilled intellectual laborers. However 
this may be, the Geometry of Position, 
though capable of accomplishing much in 
the above mentioned respect, has as yet 
been turned to no use. Indeed it is 
taught nowhere out of the Polytechnic 
schools of Germany, while a text-book 
on the subject in English remains to be 
written. 

As a branch of Geometry it is peculiar 
in all respects. If the story that has come 
down to us from the time of Thales is 
deserving of any credit, the science of 
Geometry arose from the efforts of the 
Egyptian priests to restore the land- 
marks and boundaries washed away by 
the yearly inundations of the Nile, and 
to determine the areas covered by the 
fertilizing waters ; a statement which the 
Greek name GeovaeiYy—^^Land-Measnr' 
ing'^ tends not a little to confirm. But 
whatever may have been its origin this 
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much is certain, that Geometry as a sci- 
ence first appeared in the yallej of the 
Nile, and that among the Egyptians it 
held ver}' much the same place snrveying 
holds with the nations of to-day. At the 
very beginning, therefore, Geometry be- 
<rame associated with the idea of measure, 
and so firmly has this been clung to, that 
ever since, in whatever form the science 
has appeared, whether as Trigonometiy 
or Analytical Geometry, magnitude or 
quantity has formed the basis. It is now 
universally conceded that measure is not 
an essential element of Geometry ; and 
that while there is a Geometry of Magni- 
tude or Quantity there is also a Cfeometry 
of FUjure. Almost within our own day 
the s(*ience has been divided into the 
" Okl Ge(ymetry '' or ^^ Geometry of Meas- 
ure " and ^''Modern Geometry " or ^^Qeotii- 
etry of Fujure'' under which is to be 
])laced the *' Geometry of Po9itio7i'^ 

II. THE GEOMETRY OF POSITION 

dilTers essentially from the Old G^ometzy 
or Geometry of Measiure in three partic- 
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ulars ; in the simplicity and paucity of 
its elements ; in the total absence of the 
idea of measure and all metrical relations ; 
and in the great generality and compre- 
hensiveness of its principles and prob- 
lems. 

The fundamental elements of the an- 
cient geometry are, the point, the Hne, 
the plane, the angle, the circle, sohd 
bodies, surfaces of revolution and the 
long array of triangles, rectangles and 
polygons. The fundamental elements of 
the Qeometni of Position are the point 
and line. The most marked pecuHarity, 
however, is the total absence of all metri- 
cal relations. In the old geometry the 
metrical relations of the parts of the 
figure are never for a moment lost sight 
of. It is the length of some line or the 
bisection of some angle, the equahty or 
similarity of some figures, the value of 
the square of some side that is to be 
demonstrated. It is a proposition on the 
intersection of medial lines, on the meas- 
ure of inscribed angles ; on the ratio of 
homologous sides ; on areas, on volumes, 
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on circumferences, on perimeters. Tlie 
Geometry of Position, on the other hand, 
takes no account of measure, either 
angular or lineal. In none of its prob- 
lems is there to be found any mention of 
perpendicular or oblique lines, of angles, 
of areas, or of volumes. It has nothing 
to do with triangles, whether right or 
oblique, isosceles or scalene ; nothing to 
do with rectangles or parallelograms, or 
with regular or irregular polygons. No 
line is ever bisected ; no angle is ever 
lead. The student therefore, who, fa- 
miliar with the principles and problems 
of the Old Geometry, enters on the study 
of the Geometry of Position, finds him- 
H(;lf, so to say, at the beginning of a new 
sci<'iice. Theorems and axioms, corol- 
laries and scholiums, which he has long 
looked on as the very frame work of ge- 
ometry, are utterly abandoned, and, with- 
out considering the length of a single 
line or the measnre of a single angle, he 
(Miters on the solution of problems of the 
utmost generality and comprehensiveness. 
In the Olti Geometry of measure the ma- 
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jority of propositions are necessarily 
limited in the scope of their application ; 
the conditions on which their demonstra- 
tion depends are particular, rather than 
general. Change the length or inclina- 
tion of a line, alter the measure of a 
single angle, and the proposition falls to 
the ground. Propositions that are true of 
right-angled triangles are not true of 
oblique-angled triangles. Propositions 
true of equilateral are not true of sca- 
lene triangles. In the Geometry of Posi- 
tion whatever is true of one figure of 
three sides is equally true of every fig- 
ure of three sides, no matter how long 
or short the sides may be, or how various 
their inclination to each other. In the 
Geometry of Measure, again, what is true 
of the circle is not necessarily true of 
the ellipse, the hyperbola, and the parab - 
ola, but such is the comprehensiveness 
of the Geometry of Position that every 
proposition true for the chicle is true for 
the elHpse, the parabola, the hyperbola, 
in short, for every curve of the second 
order. Tiie lenprtli of the r.idins, the 
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position of the foci, the length of axis is 
never for a moment considered. It is 
the position of lines, not measure, that 
determines all things. This is one of 
the propositions of the geometry of po- 
sition that if any six points be taken 
anyii^here in the circumference of a circle 
and joined by consecutive straight lines 
in a)ty order whatever^ then will the three 
points of intersection of the three pairs 
of opposite lines lie in one and the same 
right line ; an illustration of this is given 
in Fig. 1. The points are there taken 
in the order ABCDEF, and are joined by 

Fig. I. 
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the six consecatdve lines, AB, BC, CD. 
DE, EF, FA ; the three pairs of opposite 
lines intersecting in the three points, ay 
b, c, which lie in the right line ac. By 
opposite sides is meant every first and 
Jburth Kne taken consecutively. Thus, 
beginning with the line AB, the fourth 
line in consecutive order is DE, therefore 
AB and DE are opposite lines ; so are 
BC and EF ; so are FA and DC. Now, 
this proposition is true, not only for any 
six points taken anywhere on the circum- 
ference of a circle, and joined in any 
order whatever by coi\secutive lines, but 
for any six points on an ellipse, a parab- 
ola, an hyperbola, or, in fine, for any six 
points on any curve of the second order. 
The proposition is therefore general and 
comprehensive to the last degree. Yet 
it takes no account whatever of measure 
or metrical relations. 

Two other propositions may perhaps 
afford a yet clearer idea of the character 
of the propositions of the Geometry of 
JHosition. It is, however, but just to 
state that they have not been especially 
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selected for this purpose, but are here 
introduced mainly because they are to be 
applied later to the solution of problems 
in surveying. The first of these is to 
this effect : If A, B, be any three 
points in any three concurrent Hues, and 
A', B', C any three other points in the 
same lines, and a, i, c the three inter- 
sections of the three pairs of connectors 
BC and B'C, CA and C'A', AB and A'B', 
then are the points a, 6, c in the same 
right line. The proposition is extremely 
general, the points may be taken any- 
•where in any three concurrent lines, and 
however great or small the angles which 
the lines make with each other, the prop- 
osition is invariably true. It is apparent 
from the figure that the statement of 
the proposition may be varied as fol- 
lows ; If any two right lined figures of 
three sides each, as ABC and A'B'C (Fig. 
2 ), be so placed that the connectors of 
each pair of corresponding points A and 
A', B and B', C and C meet in a point P, 
then the three points a, ^, c of intersec- 
tion of the three pairs of corresponding 
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si.les BC and B'C, AC and A'C, BA and 
B'A' are three points in a right line. No 
account is taken of the distance these 
tigiires are apart ; no account is taken of 
the length of the sides nor of the angles 
thev make with each other. Yet the 
proposition is invariably true for all 
sizes and shapes of figures having three 
right -line sides, when so placed that the 
lines joining each pair of corresponding 
l)<)ints pass through a common point. 
The second proposition is this : If A, 

B. C and D be any four points of inter- 
section of ^/?/?/ two pairs of concurrent 
lines and the points of concurrents a and 
c of these lines be joined by the line ac, 
then will the connectors AC and BD of 
the two pairs of opposite points A and 

C. B and D, meet the line ac in two 
points fj and </, such that if either one 
with the two points a and o remain fixed, 
the other will also remain fixed for all 
possible positions of the points A, B, C 
and D. Or, to state it differently, if 
ABCD be any light-lined figure of four 
sides, and the two pairs of op})osite sides 
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AB and CD, BC and AD be produce4 till 
they meet, then will the two diagonals 
AC and BD, when produced, cut the line 
dc in two points h and d, such that if 
•either one with the two a and e remain 
fixed, the other will also remain fixed 
for all possible positions of the figure 
ABCD. This is illustrated by the figures 
on the right and left of ABCD. Here, 
again, no account is taken of measure. 
The length of the sides, the distance of 
the figure from the line ah, the measure 
of the angles has nothing to do with the 
proposition. So long as the position of 
the sides is such, that each pair of oppo- 
site sides intersect when produced, the 
proposition is invariably true. 

III. ANHARMONIC RATIO. 

This singular result should seem to 
indicate the existence of some fixed rela- 
tion between the four points a, h, c, (/, h 
relation which, on examination, is found 
to be of the verj- highest vahie in the 
application of the Geometry of Position 
to practical uses. The four points a, />, 
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c and d will, it is evident, always lie in a 
light line, and possess relations and 
properties that may be briefly siunmed 
lip as follows : The four points aire four 
anbarmonic points, constitute an anhar- 
monic range, cut the line auharmonically, 
have an anbarmonic ratio, and, taken in 
pairs are the anbarmonic conjugates of 
each other, that is to say, a and c are 
anbarmonic conjugates, as are also h 
and d. 

By anbarmonic ratio is meant simply 
this : If any line, as oo, Fig. 3, be cut at 
any two points b and d^ the line is cut 
into six non-adjacent segments, or seg- 
ments having no end in common. These 
are ac and bd^ ab and cd, and ad and be. 
Now, if any two pairs of non-adjacent 
segments be taken, the ratio of ratios of 
these two pairs is the anharmonic ratio 
of the section of the line. Thus, if the 
sections taken be ac and bd^ be and ad^ 
then the ratio of ratios is, 

ca 

~^ 

da • • • • (1) 

((6 




bft 
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Or again, to express it more simply, if 
a, h^ c and d be any foor points on a 
right line, and these points be taken in 
any order whatever, the ratio of the first 
and second to the third divided by the 
ratio of the first and second to the fourth 
is the anharmonic ratio of the four points. 
So that the four points being taken in 
the order a, h^ c, d, the anharmonic ratio 
is, by the above definition, 

ac 
~hc_ 
Oil • • • • (2) 

bd 

an equation precisely similar to equation 
(1). This ratio, for the sake of brevity, 
is written [abcd\ the order of the letters 
indicating the order in which the points 
are taken. 

As these points may be taken in a7}y 
order, and as the four letters represent- 
ing them may be written in twenty-four 
different combinations, it should seem 
that there should be twenty-four different 
anharmonic ratios for each range of four 
ts. Wlien, however the anharmonic 
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ratio for each of these twenty-four com- 
binations is written out, it appears that 
there are but six anharmonic ratios differ- 
ing in value, and that each one of these six 
may be written in four different ways 
without altering its value. Thus taking 
the points m the order abed, we have, 



labc(I]z 


ca 
"'cb' 


aa_ 

dV 


ca.ao 
~ cb.da 


[^badc] = 


bd 

"ad ' 


bc_ 

ac 


hd.ac 
" ad,bc 


[cdab] = 


ca 
"da 


cb 

dir 


ca.db 
~ da.cb 


[dcba"] = 


db 
"cb ' 


da 
ca 


db.ca 
db.da 


The anharmonic ratio 


ca 

cb '' 


— may there- 



fore be written in either of the four ways 
[abcd']^ [badc]^ [cdab"], or [dcba']. So 
may each of the five other ratios be writ- 
ten in four ways, without a change of 
value; the six different ratios and the 
four different ways of writing each, ac- 
counting for the twenty-four combina- 
tions of the points a, b^ c, d* 
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When the value of the anhannonic 
ratio is unity, the points are said to be 
harmonic points, and the ratio an har- 
raonic ratio. 

In connection with this matter of an- 
harmonic and harmonic ratio it is to be 
remarked, that the truth of this state- 
ment that the Geometry of Position takes 
no account of metrical relations, is not at 
all impugned by the fact that these ratios 
are based on the measure of the seg- 
ments. They are, so to say, after- 
til oughts. The propositions of the Geom- 
etry of Position are wholly independent 
of anhannonic and harmonic ratios, which 
are, indeed, results derived from the 
Geometry of Position. In many in- 
stances, li«jwever, where a practical ap- 
plication of this Geometry is made, the 
necessity of obtaining the measure of 
lines arises, and then is it that these 
ratios are found invaluable. Such is the 
case when applied to the solution of 
j>roblems in surveying, and on this ac- 
count it has been judged best to briefly 
introduce the matter of anharmonic ratio 
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before taking up the matter of surveying 
by the Geometry of Position. 

IV. SUKVEYING BY THE GEOMETRY OF POSI- 
TION. 

We shall begin with the proposition il- 
lustrated in Fig. 3. The problems in En- 
gineering Field-work, to the solution of 
which this proposition is applicable, fall 
under one of three classes. 

1°. To prolong a line through or across 
some obstruction, as a house, a 
marsh or pond. 

2°. To obtain the measure of an in- 
accessible or immeasurable dis- 
tance. 

3°. To locate and find the distance to 
a remote point. 

1°. TO PROLONG A LINE THROUGH AN INVIS- 
IBLE POINT ON THE LINE. 

The problems in this class are un- 
doubtedly the most frequently met with 
of all, and the methods of solving them 
now in use, by perpendiculars, by equi- 
lateral triangles, by similar triangles, and 
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by triangalAtion are so familiar that it is 
iinoecessarv to do more thaa recall the 
fa^'t that thej all depend on angohir and 
chain measnrement. and that the char- 
acter of the gronnd surroonding the ob- 
st^icle to be passed will in general 
determine which of the three is to be 
used. 

The Geometrv of Position, on the 
other hand, affords two methods of pass- 
in <( round an obstruction, each of which 
is based on the proposition r^^arding the 
right line figure of four sides ; is wholly 
independent of angular and chain meas- 
urement, and is applicable in cUl cases, 
whatever may be the nature of the ob- 
struction or the physical character of the 
ground. Suppose, for illustration, that 
in locating a tangent on a railroad, rep- 
r(;Hented by the line AX in Fig. 4, some 
obwt ruction as a house is met with at O. 
Now, by simply reversing the third prop- 
osition, which is illustrated in Fig. 3, it 
bcjcomes applicable to the present case. 
For it is evident that if from any two 
poiiita a and />, onaxightWxife, V«^ ^^vt^ 
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of lines be drawn in such wise as to form 
bj their intersection a figure ABCD, the 
two diagonals AC and l^B wiU cut the 
linf; ah in two points c and d. To apply 
this to the solution of the problem in 
hand it is merely necessary so to arrange 
that the three points «, c, and h shall be 
on the line to be staked out and all three 
on the samt side of the obstruction, while 
Wnt point d is on the other side of the 
obstiicle. The first condition is easily 
satisfied, since the points a, ^, c may be 
taken anywhere on the line staked out 
before reaching the obstruction. All 
turns, therefore, on the determination of 
the point d at which the diagonal DB 
(MitK ah produced, and this point may be 
found by either of two methods. 

FIRST METHOD. 

It will be remembered, in connection 
with th( i)ro2)osition, that if any three of 
the points remain fixed, the fourth point 
will also remain fixed for all positions of 
the figure ABCD as illustrated in Fig. 3. 
Tliat is to say, if a^ />, c are fixed points 
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the diagonal DB will ahoat/s, for all posi- 
tions of ABCD, pass through tbe same 
£xed point d. In order to find d on the 
ground, it is necessary merely to lay out 
two figures, ABCD and A'B'C'D', and 
find the intersection of the two diagonals 
CD and CD'. This will be a point in ah 
produced. The simplest method of doing 
this is illustrated in Fig. 4, and is per- 
formed as follows. Select <^^?iy three 
points, as A, B and C in the line pre 
viously located ; set the instrument at B, 
and facing the obstacle turn the tele- 
scope off to tbe right of the line, and lo- 
cate two points a and b in the line of 
sight such that from each of them a 
sight can be had past the obstruction. 
Now turn the telescope to the left of the 
line, and in the same way locate a and /> 
in the line of sight. Move to A and sight 
to b and locate a part of A^ near 
where it seems to cross a line joining 
aC. Then sight to a and locate a part of 
Aft near where it seems to cross a line join- 
ing bC, Next sight to b' and a', rei)eating 
the operation just described. This has 
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all been done without moYing from A. 
Now set the mFtroinent at O, sight to a, 
and locate c ; also sight to b and locate 
d ; then to a' and locate & and to b' and 
locate d'. Finally, run out cd, locating 
a small portion of it aboat where it 
seems likely to cross ab produced, and 
the point in which c'd\ when run out> 
intersects cd^ in the point D in the line 

(lb. 

In passing round an obstruction by 
this method it is evident that no angles 
are read and no measurement of lines 
made. Nor is it necessary, for the angles 
which the lines from A, B and C, in the 
drawing, make with the line AB, has 
nothing whatever to do with the proposi- 
ti(-)n, and hence the angles through which 
the instrument is turned from the line of 
siirht is a matter not to be considered in 
the application of the proposition. Neither 
IS the matter of the distance of the points 
(I and ^, a' and h\ to be regarded, since 
the length of the lines in the figure has 
nothing to do with the solution. We 
are, therefore, in all respects at liberty 
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to choose our ground and to turn the 
telescope to the right and left of the 
line to be prolonged, without regard to 
the angle turned through. Two things, 
however, are to be avoided : If the points 
A and C are so chosen that AB=BC, 
then the lines cd and c'd' will be parallel 
to each other and to the line to be pro- 
longed — in other words will not intersect 
AB. But inasmuch as these points A, B^ 
and C are taken at pleasure and without 
ineasurement, it is quite improbable, in- 
deed almost impossPde, that AB will ever 
be made equal to BC, and hence no 
trouble need be borrowed on this ac- 
count. Yet this serves to illustrate a 
feature of this system which will very 
often be found of use. When AB is ex- 
actly equal to BC the lines cd and c'd' 
meet nowhere ; consequently, when AB 
is a little greater than BC the hnes cd 
and c'cf will meet, but at a great distance. 
For instance, as proven in equation A', if 
AC be one hundred feet long, and AB= 
60.003 feet, BC will equal 49.997 feet, 
and CD will be over 07ie hundred and 
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Jifty -seven miles long. Had CB been 49 
feet, then CD would have been 2450 feet. 
To apply this : if at any time it is neces- 
sary to prolong the line through a series 
of obstacles^ as illustrated in the figure 4, 
the points A and C have only to be taken 
so that BA, judging by the eye, is a few 
feet greater than BC, and the lines cd 
and c'd' will meet beyond the obstacles. 
Finally, that the lines cd and c'd' shall 
invariably meet beyond the obstruction, 
the lines of sight from B to ^ and b' must 
point towards the obstacle. The conse- 
quence of pointing these backwards is 
shown in Fig. 5. The diagonals cd and 
c'd' will, even in this case, meet AB, but 
at a point behind A, as at D.' 

THE SECOND METHOD. 

The second method of determining 
the point D is much shorter than that 
just given, and not less accurate. Take 
any point as a (Fig. 6), not in the line to 
be prolonged, from which it is possible to 
see past the obstruction on each side. 
Set the instrument at this point, and 
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turning the telescope in the direction of 
D (so as to clear the house or whatever 
the obstacle may be), locate any point 
in the line of sight, as c, and also lo- 
cate on the ground a small portion of 
the line near where, in all probabihty, 
it will cut AC produced. Then (from the 
same point a) sight to any point in the 
line AC, to be produced, and near the ob- 
struction at C, staking out a small part of 
aC as ad. Next sight (from a) to ani/ 
other point in the line AC further from 
the obstacle than C, locating a portion of 
this line aA as ab. The location of the 
lines ad and ab may be speedily effected 
in this wise. The points C and A are 
taken anywhere in AC, as is also the 
point c in aD. To locate ad, therefore, 
drive a few stakes about where the line 
of light ac seems likely to cross cA. To 
locate ab find a few points in the line aA 
which seem to be in range with c and C. 
After determining these lines on the 
ground, turn the telescope so that the 
line of sight cuts C^ anywhere between 
c and b, and locate the line ag. Now 
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move the instrnment to c, edgbt to C, and 
find g and b exactly ; then sight to A, and 
find d exactly. Move to d^ sight to h^ and 
find o. Return to t*, sight to o, and find 
e. Finally move to e, sight to g^ and find 
the intersection of the hne eg with the 
line ca. This will be the point D, a point 
in the line AC produced through the ob- 
struction. 

If these two methods of prolonging a 
line through an obstruction, as illustrated 
in Figures 4 and 6, appear quite compli- 
(;ated, it should be remembered that the 
lines of the figure have no existence on 
tlui ground, while a few applications to 
])raotice will show the utility of the sys- 
tem, and the ease and rapidity with 
which the work may be done. They are 
KU])erior to the old method, in that they 
ar(} wholly independent of both angular 
and chain measurements, and thus leaving 
the transit man free to choose his ground 
are applicable in any case and on all kinds 
(A ground. As to their accuracy, some 
idea may be formed by performing on 

per with a Tcwleic «ivid pencil the opera- 
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tions described in the text Eepeated 
trials have demonstrated their accuracy 
in the field. 

These and indeed any other methods 
of passing around obstructions, would 
not be of much practical value did they 
fail to afford a way of determining the 
break in the line prolonged; in other 
words CD, (Fig. 6) a problem the Geom- 
etry of Position solves in a singularly 
beautiful way. Under the head of an- 
hdrmonic ratio it has been stated that 
the four points a, b, c and d of Figure 3 
are four anharmonic points, and taken in 
any order whatever afford an anharmonic 
ratio. Taking them therefore in the 
order A, C, B, D, (Fig. 4) the anharmonic 
ratio is 

AB : CB : : AD : CD* 

solving this we have 

AB_AD_ AC+CD 
BC" CD"" AD-AC 

.-. ABxAD-ABxAC=BCxAC 

+ BCxCD. 



* Tbifi is evidently the harmonio ratio of the points 
wlien taken in the order ABCD. 
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But AD = AC + CD 

.-. ABxAC + ABxCD-ABxAC 

=BCxAC-hBCxCD. 

reducing CD(AB-BC)=BCxAC 

BCXAC 

^^'"ab^:bc • • ^^) 

To obtain the value of CD, it is necessary 
to know the values of AB and BC. 

By assuming different values for these 
segments and substituting in equation 
A, two singular results follow. Suppose 
AB=40 and BC=20 feet ; then 

That is, if the distance BC be equal to 
one half the distance AB, then CD is 
equal to AC, a fact worth remembering 
when the first method of prolonging the 
line is used, as in that case the points A, 
B and C are taken at pleasure, and can 
therefore be so taken that BC=^AB. 
Again, if B is taken midway between A 
and C, so that AB and BC have each the 
same value, say 30 feet, then 

^_ 30'x60' 
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or the point D is at an infinite distance 
from C and the lines cd and c'd' (Fig. 4) 
are parallel to each.other, and to the line 
AC ; a demonstration of the statement 
made regarding the first method of pro- 
longing a line, namely, that in selecting 
the points A, B and C on the line AC, 
they must be so taken that B Bhall not 
be midway between A and C. 

Finally, if AB be less than the segment 
BC, as, for example, AB=10', and BC= 
15', then 

CD=^^-:><?^ = -75' 
— 5 

or the point D will fall 75' to the left of 
C, or on the same side of the obstructioyi 
as the points A, B and C, as illustrated 
in Fig. 5. In practice, the second and 
third results are never likely to occur. 
For, if the line be prolonged by the second 
method, neither can occur, since as ac is 
so taken as to pass the obstruction, the 
point B, the conjugate of D, cannot 2^os- 
sibly fall so that AB shall be equal to or 
less than BC. When the first method is 
used, the point A, B and C are taken at 



144 



pleasure, and may, therefore, be so taken 
as to avoid all trouble. 

The accuracy of Eq. A may be tested 
gi*aphically by assuming different values 
for AB and BC, laying them off to a scale 
on a right line, drawing from A any two 
lines, as A^ and Ac, of indefinite length 
from B (tuy 07ie line, cutting those from 
A in any two points, as d and b ; from C, 
two lines through d and b, cutting the 
two from A at a and c respectively, and 
drawing ac till it meets AC produced in 
D. Then, measuring CD by the scale 
used to lav off AB and BC, the value ob- 
tained for CD should agree with that 
found by substituting the values assumed 
for AB and BC in Equation A. 

The proposition of the Geometry of 
Position relative to the four points at 
the iiitersecti©n of two pairs of concur- 
rent lines, (Fig. 3) is readily applicable to 
the solution of a second class of prob 
lems of very common occuiTence in sur- 
veying — the measurement of inaccessible 
distancea. 

The cases which, in practice, fall under 
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thiB head are almost iiiniimerftble; as tlie 
measurement of the width of a river, the 
distance acrosR a marsh, the distance of 
a lighthouse or a beacon from the shore, 
&o. Yet the solution of any one of them 
by the Geometry of Position is ample 
enough to corer them all. To take the 
first example above cited, let it be re- 
quired to find the distance of a point C 
{Fig. 7) on one bant of a river, from a 
point D, on the opposite hank. 

To accomplish this, set the instrument 
at the point C, sight to D, plunge the 
telescope, and take any point in the line 
of sight as A. The line CA will then 
evidently be a continuation of the line 
CD, the distance to be measured. Now, 
take nnr/ point off' the line CA as a, such 
that both C and D are visible from it, set 
the instrument at this point, sight to D, 
and take anj/ point in the line of sight 
aD as ■■. Then eight to A, previously 
chosen anywhere on CA, and " stake out " 
that part of the line aA, which seems to 
cross a line joining eC. Sight nest to C 
(the instrument being still at a) and 
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" stake out " that portion of the line aC 
which seems to cross a line joining c and 
A. Move now to c, sight to C, and lo- 
cate b; then sight to A and locate d. 
Set the instrument at dj sight to b, and 
find B where the line of sight cuts the 
line CA. Finally, measuring the dis- 
tances CB and BA and substituting in 

equation A. 

BCXAC 

'^^""AB-BC 

the distance across the river is found. 
Thus if BC=48.99 feet, then BA=51.01 
feet, and 

^^ 48.99' X 100' oAoro^ ^ ^ 
GD= —^, 1=2,425.24 feet. 

It is not, however, to be supposed that 
this proposition of the Geometry of 
Position does not equally apply to cases 
in which it is desirable to find the dis- 
tance and direction of two or more ob- 
jects from some fixed point. To take an 
example, suppose at A and C, in Figure 
8, are two objects whose distances atd 
directions from some fixed point b it is 
desirable to know. 
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Referring to Fig. 7, it is evident that 
if a, A, dy o be considered as the four 
points of intersection of two pairs of di- 
verging rays from c and b, and be the 
line joining the points of divergence (b 
and c) of the two pairs of rays, then will 
the diagonals ad and oA (Fig. 8) of the 
figure aAod, intersect the line be in the 
two points c and e respectively. The 
four points b, e, c, ^5 ^11 ^^®^ form an 
anharmonic range, and from the prin- 
ciples of anharmonic section, already ex- 
plained, it results that 

^ cexcb 
eb—ce 

Again, regarding the points b aDd a as 
the points of divergence of the pairs of 
rays intersecting each other in the four 
points Gcod, and the line ba as the con- 
nector of the points of divergence b and 
a, the two diagonals cd and Co, of the 
figure Good will intersect the connector 
ab in the two points A and g (Fig. 8) re- 
spectively. Those two points will form 
with a and b an anharmonic range from 
which mav be obtained 
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bg—ga 

But bG=hc-^cG and 5A=^a4-aA, from 
which the distance required may be read- 
ily obtained. 

To apply this to the case just taken. 
The point b having been selected, the so- 
lution of the question depends on finding 
the distances ^C and ^A and the bear- 
ings of these lines. To obtain these, set 
the instrument at any point between h 
and the objects, as o, and sighting in 
(my direction such that the line of sight 
does not cut the line CA, anywhere be- 
tween C and A, locate a few points on 
the line of sight about where it' seems to 
cut a line joining b and C. Plunge the 
telescope, and in a similar way locate a 
few points about where the line of sight 
seems to cut a line joining b and A. 
Sight next to C and locate g as nearly as 
possible ; and then sight to A and locate 
e approximately by setting a few stakes 
where the line of sight Ao seems to cut 
hC This done, move the instrument to 
b^ sight to C, and locate e and c with 
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great exactness. Sight next to A, and 
locate ff and «. Now, having measured 
be and ec, as also bff and ^a, and Bubeti- 
tutiug these vahiea in the two equations 
above given, the values of '"C imd cA are 
found, which, added to be and fta, give 
the required distances /jC and 6A. The 
magnetic bearinge are, of course, taken 
when the iustrument is at b. 

Without stopping to name over the 
many instances in which it will be advan- 
tageous to apply the two methods of 
measuring distances illustrated in Figs. 
7 and 8, I sliall pass to the consideration 
of a more important matter— the degree 
of accuracy of the two methods. 

Beginning with the first mentioned 
method (that illustrated in Fig. 7), it is 
needless to observe that the point A on 
the line t'D may be taken at any distance 
from C To simplify the measurement) 
therefore, the distance AC may be taken 
at one hundred feet, and laid off at once 
by means of a tape. But the distances 
AB aud BC must be measured with great 
care, and to the smallest fraction of a 



152 



foot. For it is evident from equation A, 
that as the value of BC approaches that 
of AB, the value of CD in the expression 

_ Be X Ae 

approach infinity, because when AB=Bc 
the value of cD is infinity. It follows, 
therefore, that when the distance to be 
measured is quite a long one, the differ- 
ence between AB and BC will be very 
small, indeed but a decimal of a foot. To 
illustrate with an extreme case, suppose 
the distance to be measured is 499,950 
feet, or something over 94.7 miles, then 

_^ 49.955' X 100' .^^.^. . ^ 
c'D= ,^^^., .QQQ, =499950 feet. 
oO, 005— 49.995 

A difference, then, of .01 of a foot be- 
tween AB and BC will correspond to a 
distance CD =94. 74 miles. To take a 
more likely case, suppose AB=50.1', and 
Bf/ = 49.9' feet, the distance AC being 
one hundred feet, then 
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a distance equal to 4.725 miles. In pro- 
portion as the distances to be measured 
are shorter, the differences between AB 
and liG are larger. Thns, a distance of 
2'i25.24 feet corresponds to a difference 
between AB and BC of 2.02 feet, while a. 
distance of 1199.37 feet will correspond 
to a difference between AH and BC of 
4.002 feet. A distance of 1 foot on CD 
will thfiirefore have an exceedingly small 
difference. If the distance CD be very 
great, as five thousand or sis thousand 
feet, the difference between AB and BC 
coiresponding to a foot on CD will be at 
least some ten thousandths of a foot ; if 
the distance CD be, on the other hand, 
from one to two tliorisand feet, the differ- 
ence between AB and BC corresponding 
to a foot on CD will be about one thou- 
sandth of a foot. To obtain accurate re- 
sults it thus becomes quite necessary to 
be able to measure the distance BC to 
the ten thousandth of a foot for very 
I, iai tge distances, and to the thousandth of 
^HUEoot for all small or ordinary distances. 
^^■tns, a distance of 1199.37 feet corre- 
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spondB to a difference between AB and 
BC of 4.002 feet, but an increase in the 
difference to 4.004 of a foot will corre- 
spond to a Talue for CD of 1198.76 feet. 
Here, therefore, a distance of .61 of a 
foot is measured bv a difference of .002 
of a foot. 

This fineness and accuracy of measiire- 
ment constitutes, perhaps, the main ob- 
jection to the methods discussed above. 
Yet it is one not impossible to overcome. 
The distance AC is, for instance, onehun- 
<lred feet, measured off with all possible ac- 
curacy, the temperature and horizontal po- 
sition of the tape being, of course, fully 
considered. Now the point B can never 
fall anywhere on AC, except between the 
middle point of AC and C. For if it falls 
exactly midway between A and C, the 
point D is at an infinite distance from C, 
or CD is infinitely great. Neither can B 
fall between A and the middle point of 
AC, as in that case the point D would 
fall on the opposite side of A, or, in other 
words, the point A would be between D 
and B. This never can happen in either 
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of the two metliods given above, because 
A and C are chosen at pleamu'e, and the 
point D being sighted to first, its anbar- 
monio conjugate B must invariably fall be- 
tween A and C, As a consequence of 
this fact, it follows that the meaaurements 
to the hundredths and thousandths of a 
foot need not begin until the fiftieth foot 
ha6 been paesed. Nor, on the other hand, 
is it necessary that the measurement shall 
extend for any great distance. If AB be 
equal to 50.003, and BC 49.9117 feet, the 
value of CD will be over one hundred 
and fifty-seven niOes ; if, on the other 
hand, AB be 55 feet, and BC 45, the dif- 
ference will be ten feet, and CIJ will bti 
450 feet. It will never be necessaiy, 
therefore, to go so neai" the fifty-foot 
point as .01 of a foot, nor so far away as 
ten feet. The fine measurements, in 
other words, will be confined to ten 
feet, and may be obtained in a num- 
ber of ways that readily suggest them- 
selves. The simplest is by means of a 
n-ell-constructed levelling rod, with a 
sliding target. If this be used, thti ceu- 
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ter point of the cUstance AC should first 
be carefully found, and one end of the 
rod placed exactly over the point by 
means of a plum bob, and the rod pat 
Ijprizontally in line with the instnuneni 
It is best to have some simple support; 
for the rod to keep it off the ground, and 
to enable it to be placed truly horizontal 
by the aid of a bubble. This done^ and 
the sight bd (Fig. 7) taken to determine 
the point B, the target may be moved 
along till it crosses the line of sight, and 
the distance AB obtained to the thou- 
sandth of a foot. If the distance to be 
measured is very large the vernier must 
read to ten thousandths of a foot, or the 
results obtained will be utterly worth- 
less. 

The extreme accuracy and fineness of 
the measurement, thus necessary when 
long distances are to be measured ren- 
der it doubtful, to say the least, whether 
the methods in question are superior or 
more practicable than those now in use. 
The accuracy, however, to be exercised 
in the measurement of the one hundred 
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feeti-equiredb6tweenCan^A(Fig. 7)isiio 
greater than should be exercised iu the 
measurement of ordiniiry lines in city sui-- 
veying,whiledistauceacommonlymet with 
in surveying, as the width of a river or 
stream, the distance over a marsh, etc, 
can be obtained without measuring finer 
than the one thousandth of a foot, which 
may be done with a common leveling rod. 
For example, if the distance AB=51.16 
feet, and AC— 100', then the distance Bt' 
=48.24 feet, and Eq. A, 

But if AB=51.7C1 feet, then 30:^48,239 
feet and 

CD= 



3.522' 

a difference of about eight-tenths of a 
foot. The question, then, as to whether 
this method is better than the old method 
by logaritlune, resolves itself into tliis : is 
it better to make one sho]-t accurate 
measiu-ement on the ground, or to make 
Ja^ liue&i- and tuiguW: TaeaAVXeLmtsAib 
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on the groxmd, and solve by the roles of 
trigonometry 1 

For the solution of such problems in 
surveying as do not require the measure- 
ment of distances, the Geometry of 
Position affords methods, the merits of 
which are unquestionable. Such prob- 
lems are those requiring the location of 
lines and very likely to occur in laying 
out and dividing land, as also in chain 
surveying, and in town surveying. To 
take an instance, having two converging 
lines given as AB and CD, Fig. 9, let it 
be required to pass a line through their 
invisible point of intersection. If it be 
merely required that the line shall pass 
through the point of intersection, the 
problem is of the most general form and 
may be solved as follows : Set the in- 
strument at ant/ point not within the 
lines, as a, and sighting across them 
both locate the points b and 6' where the 
line of sight cuts them. Then turn the 
telescope so as to cut them at any other 
piace and locate tbe points c and c'. 
the telescope tYiToxx^ «iio\kkKt vci^^ 
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mately. Next take any other point as c, 
sight to tf, and find c'" exactly, and c" 
approximately. Then take d anywhere 
on the line CD, sight to a, and find d\ 
then to c'", and find e as nearly as may 
be, then find c" by moving to b', and 
finally e' by moving to c", and sighting 
tod\ 

Of the two, the first method is perhaps 
of more general application, as it affords 
simple methods of bisecting, trisecting, 
&c., the angle formed by the two lines, 
as will be shown when considering the 
application of the Geometry of Position 
to drawing. It likewise affords a solu- 
tion to the problem — of passing a line 
through a given point parallel to a given 
Hne. Let AB (Fig. 12) be the given line, 
and P the point through which it is re- 
quired to pass a line parallel to AB. Re- 
ferring to Fig. 9, it will readily be seen, 
that, if C and d' be regarded as the 
points of divergence of two pairs of rays 
intersecting at fdac, then will dc be one 
diagonal and af the other. But if this 
latter, a/, be made to cut d'c' Just mid- 
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way, then will cd be parallel to AB. This 
gives the solution for the problem in 
question. Lay off on the given line any- 
where, two equal distances be and cd, 
Through the point b and the given point 
P draw a line, and in it take any point 
as </. From a draw lines of indefinite 
length through c and d; join dP and 
noiark the point & in which it cuts the 
line ac. Through b and c' draw a line 
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till it cuts ad at d\ Then ia d' a, point on 
a line throagh P parallel to AJB. 

The solution is undoubtedly of most 
use in chain surveying ; yet it is evident 
that as affording a means of obtaining 
the bearing of an inaccessible line, of 
which two points only are to be seen, it 
is of value in all branches of surveying. 
By obtaining a line parallel to the inac- 
cessible hue, and then finding its bearing 
the desired result is accomplished. 
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CO-ORDINATE SURVEYING. 



Relation of Surveying to Geodesy. — 
Surveying is commonly defined as the art 
of measuring, laying out and dividing 
land. The similar but more comprehen- 
sive art of geodesy applies to the earth it- 
self, as indicated by the etymology of the 
word, which is derived from yrj, the earth, 
and 6 at CO, I divide. Its objects are, the 
determination of the form and dimensions 
of the earth and of its different portions ; 
the continents and islands, with their 
lakes, rivers, mountains, civil divisions, 
etc. Its processes, Hke those of astrono- 
my, upon which, indeed, it is to a consid- 
erable extent dependent, require instru- 
ments of a high degree of precision and 
mathematical computations of great re- 
finement. 

' General Geodetic Co-ordinate System. 
— In the operations of the great geodetic 
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surveys of the world, including for our 
own countiy those of the United States 
Coast Survey, positions are finally deter- 
mined by referring them to co-ordinate 
planes. The plane of the earth's equator 
forms one of these co-ordinate planes, 
and that of. an assumed standard merid- 
ian another. If we should assume that 
the earth is spherical in form, with con- 
tinual elevations, the position of any geo- 
detical point could be fixed by determin- 
ing the direction in space of its radius 
vector, as referred to the two co-ordinate 
planes, and the length of this radius vec- 
tor, the origin being at the center of the 
earth. The angle with the equatorial 
plane made on either side by the radius 
vector would be the latitude ; the angle 
made by its projection upon the equato- 
rial plane with the meridional plane, meas- 
ured in either direction around a semi- 
circle would be the longitude, and the 
length of the radius vector, or rather its 
excess over that to the level of the sea, 
would be the aVtitvxde oi >i\i^ ^\3Mi.^ d^ier- 
mined. Owing, \\ovJeNe\^ \,o >iJcifc %^^ 
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voidal form of the eartb, latitudes as ob- 
aerved and established do not exactly rep- 
resent the co-ordinate angles here de- 
scribed. The actual latitude of a place is 
the angle made by a normal to the earth's 
surface at that point with the equatorial 
plane. The geocentric angle conld easily 
be computed from the latitude if the earth 
wei'e an ellipsoid of revolution of known 
eccentricity. 

iRSEorLAK FoKM OF THE Earth. — But it 
has been found that this is not the tine 
form of the earth. The equator, and 
probably all parallels of latitude takeu at 
the level of the aea, vary more or less 
from true circles, indicating a want uf 
homogeneity in the materials which make 
up the earth's volnme. Longitudes are 
measured by noting the earth's rotation 
angles on the undoubted assumption that 
its augidar velocity is strictly uniform. 
Uy noting the diffei-ence in time between 
the passage of a norma! to the earth's 
surface at any particular point, and of 
Another norraal at any poml ouVJaa ft'uKti&.- 
anJ weriiiian, across a ceVestiti itteTi.fta»»i 
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we obtain an angle which is called the 
longitude of the former point, the longi- 
tude of the standard meridian being zero. 
Irregularities in the form of the earth of 
course change the direction of normals to 
its surface, and the co-ordinate system 
of latitudes and longitudes, used in geo- 
desy and navigation, is correspondingly 
irregular. 

Its Determination a Difficult Prob- 
lem. — In consequence of these irregulari- 
ties, the problem of determining the ex- 
act form of the earth is an exceedingly 
difficult one. Instruments of the highest 
degree of precision must be used by 
skilled observers, and the combined re- 
sults of a vast number of careful observa- 
tions over widely extended areas must 
be subjected to the most refined mathe- 
matical investigation before its full 
solution can even be approximately ob- 
tained. 

Progress made in its Solution. — Its 

investigation has been going on, however, 

for one or two centuries, and very fair 

progress has been Ta».^e. TVve ^reat na- 
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tional surveys of the world have been 
conducted by men eminently qualified for 
the task, and the results of these surveys, 
so far as completed, seem to approach 
quite near to the attainable limits of ac- 
curacy. 

United States Coast Survey. — This is 
particularly the case with our own Coast 
Survey, which is probably unsurpassed, 
if not unequaled in precision and gen- 
eral accuracy. Our country, however, 
has thus far failed to realize some very 
important advantages which might be de- 
rived from these Coast Survey operations 
although they have been sufficiently 
carried out to render them available over 
considerable portions of the country. 

Object of this Essay. — It is the object 
of this paper to point out a simple 
method by which the high degree of pre- 
cision which accompanies the Coast Sur- 
vey work may be made available, in the 
ordinary operations of land surveyors 
and civil engineers in those districts over 
wbicb the Coast Survey triangulations 
liATe been carried, and at t\ie ^^ixi<& Vivay^ 
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to call atteution to the importance of an 
extension of these triangalations over the 
entire country, either by the general or 
by State govenimenta One of the dis- 
advantages of our peculiar confederate 
form of popular government is an appar- 
ent inability or indisposition to midertake 
works of acknowledged and eminent 
utility, unless they are popular with the 
masses or with those who control the 
machinery of elections. It is certainlv 
the experience of foreign countries, in- 
cluding several less wealthy and prosper- 
ous than our own, that these surveys are 
many times more valuable than their cost, 
in the aid they afford to the carrying out 
of internal improvements, to the equaliza- 
tion of taxes, and to many of the neces- 
sary operations of general and municipal 
governments, as well as of private indi- 
viduals. But in this country where legis- 
lation usually follows, instead of leading, 
the expressions of general public opinion, 
such works are likely to await the slow 
and gradual c\i\t\N«A.\oTv o\ VW -^^vjlar 
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ind to a proper appreeiation of their 

sat ntility. 

CoNOHESsioNAL Legisl*tion. — In the 
(tieantime, it must be admitted tliat Con- 
ifi'ess has enacted a very libera]' and wise 
law, by which the Coast Survey is author- 
ized to extend its triangiilation over any 
State iu which Bcientific surveya have 
been provided for by the State Legisla- 
tiu-e. Moreover, the Superintendent of 
the Coast Survey evinces a disposition to 
construe this act with great hberahty. It 
is understood that be will, where thor- 
ough topographical surveys are under- 
taken by State authority, cause the sub- 
sidiary triangulation to be carried to any 
reasonable degree of minuteness, with the 
aame refined accuracy which has char- 
acterized the work already done by the 
(.>fiicers of the survey. Indeed, with their 
elaborate determination of local irregu- 
larities iu the foi'm of the earth, and their 
well- organ! zed cori)S of skilled observers 
and computers, they have an immense oA- 
rantage, which could taxdV^' \je. wjoft. 
attw'ned by any new orgamz&tiCiii-> ^.orc «*- 
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tending the triangulation over whole 
States and carrying it to the secondary 
and tertiary stages. 

Triangulation of Massachusetts. — 
The State of Massachusetts is entitled to 
the credit of being the first of the United 
States to recognize the importance of 
having her territory carefully surveyed 
and to commence upon such a work 
More than forty years ago a triangulation 
was commenced which was completed in 
1842. This triangulation will compare 
favorably with the Coast Survey work 
and with the other geodetic surveys of 
the world. But a surprising indifference 
to its value, or potential utility, seems to 
have prevailed, and up to the present time 
no fui'ther use has been made of it than 
to adopt it for the basis of such State 
and county maps as have from to time 
been published. These maps give onlj 
the horizontal locations of objects ob- 
tained from such imperfect surveys M 
could be paid for by the sale of map6i 
published entirely by private enterpiisci 
no assistance being given by the State. 
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State Soientitio Subveys. — At the 
present time, the subject of scientific sur- 
Tejs is being agitatedin the States of Mas- 
sachnsetts, Bhodelsland, Connecticut and 
New York. The latter State appropriated 
$20,000, in 1876, for preliminary organ- 
ization, to effect which it appointed a 
skilled director. The other States men- 
tioned have organized commissions to 
investigate and report on the subject. 

Reform needed in Land Sorveying. — 
Before proceeding to describe the pro- 
posed combination of surveying with 
geodesy, a brief consideration may be 
permitted of the urgent need of reform 
in the prevalent methods of land survey- 
ing and of writing descriptions in con- 
veyances of land, based, as many of 
these descriptions necessarily are, upon 
imperfect surveys, and frequently upon 
no surveys at all. Lawyers and land sur- 
veyors are perhaps most famiHar with 
the shortcomings of these conveyances 
in failing properly to describe the prop- 
erty conveyed. A large share of the 
litigation of the country arises from this 
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cause. Indeed, the laxity in this respect 
is something almost incredible. Scarcely 
one deed of conveyance in a hundred will 
be found to contain such a description of 
the land conveyed as would fix its loca- 
tion with certainty, if the fences, walls or 
other inclosures should become obliter- 
ated, a contingency which is quite likely 
to arise. 

Conflagration of Detroit. — An occur- 
rence of this kind on a rather extensive 
scale took place in 1805, when the city of 
Detroit was devastated by fire, and so 
thoroughly destroyed, that it was found 
(^uite impossible to ascertain the former 
boundaries of estates. The restoration 
was entrusted to the Governor of the 
State and a coimcil of judges, who could 
find no better way out of the difficulty 
than by re-laying out the city on an en- 
tirely new plan, dividing the lots amon^ 
the former owners as equitably as pos- 
sible. 

Xotwithstandmg tlvia experience, the 
Jines of streets ax^d \o\» m ^^^Vjt^-^^* ^ssst^ 
now so uncertain tYvat (\iv&^\v\«^«ci^\\\>Gv5©t 
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tion in regard to them are of coutiima] 
occurrence. The same is true in most 
of the cities and large towns of the 
United States, especially in suburban 
distdctB autl growing villages where land 
is rapidly increasing in value. 

FtdTY Descriptions in Land Convby- 
AHCES. — If we examine the descriptions 
given in land conveyances, we shall find 
that they usually fail to fix either the 
location of the property by references to 
pei-manent land marks, or even the posi- 
tion of its boundary lines relative to each 
other. Frequently the tract conveyed 
will be bounded in the deed by the sevej-al 
tracts adjoining, of wliich the only de- 
scription given is to state the names of 
the supposed owners. In many deeds all 
dimensions are omitted, and only an in- 
definite approximation to the qnantity of 
1,ind conveyed is given, the statement be- 
ing that it contains about so many acres, 
■ be the same more or less," Where good 
.•mpttanent division fences, walle, li«d%«.%. 
HHJHMB. streams, Mhoie \me«, \]uvav%.- 
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and are properly described, such d< 
tions may answer the purpose so 1( 
the boundaries remain uncbange 
though such indefiniteness as to qu 
would hardly be tolerated in the £ 
other kinds of property. 

Obliteration op Monuments. - 
physical monuments are continual 
coming obliterated even when w( 
fined at first. It is said to be a 
custom in some parts of the coun 
take children once in every year i 
portant boundary corners, where i 
ments have been erected, to the lo< 
and ' surroundings of which the a 
attention of the children is directe< 
on a subsequent visit their mem< 
found to be at fault, it is refreshe 
deepened by combining with it tha 
sound flogging. 

Unreliability OF Surveys. — ^Even ' 
surveys have been made, they a 
many cases, so unrehable that th 
oUeotion of old residents in the yi< 
considerately stimulated, perhajm, ii 
Tonth in the Nva^ d.^^mbed^ is mo 
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liable in determining the proper location 
of lost boundaries, than the retracing of 
old surveys. I'his is not surprising 
when the modes of surveying and the 
character of the instruments used are 
taken into consideration. 

Outside of cities and larger towns, the 
instruments usually employed in survey- 
ing are the chain and compass. The 
method is to perambulate the boundary 
line of the tract to be surveyed, taking 
the magnetic bearing with the compass, 
and measuring with the chain the lengths 
of each side of the polygon forming the 
boundary. 

Imperfection of the Compass. — Now, 
provided the bearings thus taken were 
precisely measured angles from fixed 
parallel meridians, whose directions 
could always be easily ascertained, when 
a re- survey should be needed, no better 
method of noting directions could be de- 
sired. But this is far from being true. 
The magnetic force, to which the direc- 
tion assumed by the needle is due, is 
quite irregular in its actions, changing its 
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direction continuallj, backwards and 
forwards, even dnring the different hours 
of the day, while larger oscillations ex- 
tending sometimes to many degrees of 
arc take place in irregular cycles, perhaps 
one or two centuries in duration. And 
this is not all. In regions containing 
metallic deposits, especially magnetic 
iron ore, very irregular and powerful 
local disturbances of the magnetic force 
arise, causing the needle to take widely 
diflPerent directions, even at points in 
close proximity to each other, thus de- 
stroying parallelism of action, and ren- 
dering the compass quite useless for as- 
certaining true directions. 

Beside the uncertainty of the magnetic 
meridian, there is an incapacity of pre- 
cision in the use of the compass for meas- 
uring angles. The needle must swing 
<;lear of the graduated hmb, and cannot 
be suspended for field use with very 
great delicacy. In practice it is usually 
impossible to read a magnetic bearing 
with greater precision than to the near- 
est ten minutes oi arc. 
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Theodolite and Sukveyob's Transit. — 
The theodolite and the surveyor's transit 
are instruments of far greater precision, 
and are generally used in cities, and for 
more valuable farm lands, also for engi- 
neering works, roads, railroads, &c. 
Those in ordinary use measure angles to 
single minutes. 

In land surveying, the common method 
of using these instruments is to ineasure 
the angles formed by the sides of the 
bounding polygon with each other, and 
sometimes for verification with one or 
more diagonals. The compass needle, 
usually attached, affords ah approximate 
means of ascertaining azimuths, but 
with no more precision than with' the 
ordinary compass. It is, accordingly, 
quite as difficult to retrace obliterated 
boundaries with these instruments as 
with the compass, unless one or more 
well-defined lines remain for reference. 

Solar Compass. — Burt's solar compass, 
now used in the surveys of the public 
lands at the West, for running out the 
parallel and range lines, is »i ^^^\» \\si.- 
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provement upon the magnetic compass 
in the acciiracy of its azimuths if not in 
the precision of reading minute angles. 
The direction of the sun, with proper ad- 
justment of the instrument for the lati- 
tude of the place, and declination of the 
sun, and hour of the day, affords, of 
course, a reliable means of obtaining the 
true azimuth of an observed line with as 
much precision as the mechanical con- 
struction of the instrument permits. The 
use of the solar compass, however, is 
limited to Funshining or slightly cloudy 
days, the middle portions of which, more- 
over, are unfavorable to accurate observa- 
tions, and at best, the precision of its 
angular measurements is much inferior 
to that attainable with the transit. Never- 
theless, for the preliminary surveys of 
wild lands, where no trigonometrical sur- 
vey has been made, and where rapidity 
and economy are required, as in the 
government surveys of western lands, it 
is a very convenient and useful instru- 
nt. 
EASUUEME^T o¥ "DiwiK^^c^?.,— The di- 
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rect measurement of distances is attend- 
ed with even more difficulty than that of 
the determination of directions. It is 
accomplished by the repeated application 
of the chain, tape or measuring rod, as 
neiarly as possible, npon the line to be 
measured. Passing over inaccuracies in 
the length of the measuring standard, 
arising from imperfections of construc- 
tion, inequalities of temperature, changes 
of length by stretching, kinking, &c., the 
difficulties of making the direct applica- 
tions are frequently quite serious. It 
often happens that access to all parts of 
the line to be measured is difficult, if not 
impossible. In fact, the boundaries of 
improved properties are generally indi- 
cated by walls, fences, hedges, ditches, 
etc., which occupy a considerable width 
upon the ground, being partly upon 
either side of the dividing line, upon 
which it therefore becomes impossible to 
apply the measuring standard. In such 
cases, it is usual to measure the opposite 
sides of an imaginary parallelogram, 
equal offsets being made at the eiid!@» v^l 
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the line, and the measurements effected 
between the offset points. The offset 
angles are quite frequently estimated by 
the eye, and brought as nearly as possible 
to right angles. Even if these angles are 
instmmentally measured, the operation 
becomes complicated, thus increasing the 
liability to error. Impassable obstacles 
along boimdary lines are of frequent oc- 
currence, and various expedients, more or 
less complicated, are resorted to for as- 
certaining the distances through them. 
The difficulties of measuring accurately 
over uneven ground, requiring a careful 
and laborious use of the plumb line, the 
avoidance of sagging or unequal stretch- 
ing when the chain is used, the exact 
marking on the ground of the end of the 
measuring standard, &c., are familiar to 
all land surveyors. 

Measurements of Angles. — It is easy to 
see that the measurements of angles with 
good instruments can be performed with 
far greater ease and precision than the 
measurements of distances by the ordi- 
nary methods. Either mode of measure- 
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ment is merely a deter minatioD of ratios. 
Thus, when we measure the length of a 
line by direct applications of a etaadard 
length upon the ground, we simply as- 
certain the ratio between the length of 
the measured line and that of the chain. 
So, if we nieasure the three angles of a 
triangle, we know, by a simple computa- 
tion, the ratio of its three sides to each 
other. The percentage of en-or in the 
ratios, as found by either metliod is much 
less in the measarement of angles with 
^ood instruments ; for although the dis- 
tances which are compared together in 
this measurement, namely, those marked 
in degrees along the liiub of the instru- 
ment used, are many times smaller than 
those compared together in the measure- 
ment of distances upon the ground, the 
nicety' of the mechanism and the ease ol 
the veiification by repetition admit 
cision quite unattainable in actual ground 
raeasuvenients, except by slow and labori- 
ous processes. 

0!(OM£TBICAL SuBVEi. — In the tiig- 
arical survey this superiority 
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angle measurement is practically recog- 
nized. Convenient points are selected, 
at suitable distances from each other, 
where the angles between imaginary 
lines, joining adjacent points, can be 
measured. The whole area to be survey- 
ed is cut up by these lines into a net- 
work of triangles, and the ratios of the 
sides of these triangles to each other are 
determined by measuring the angles be- 
tween them. Then, when we ascertain 
the length of any one side of any one 
triangle, we can compute all the sides of 
every triangle, or the distances from 
point to point throughout the whole sur- 
vey. 

Degree of Accuracy Attained. — The 
accuracy of the result, accordingly, de- 
pends upon the precision with which 
this one side or base line is measured, as 
well as upon the accuracy of the angle 
measurements. It is usual to verify the 
whole of the work by measuring another 
base line in a distant part of the net- 
work of triangles. For example, in the 
Coast Survey v^oick, a.\>?cafe'NiTifc^^%\sifta«.- 
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ured at Fire Island, on the south side of 
Xiong Island, in 1834 ; another in Attle- 
borough and Sharon, Massachusetts, in 
1844; and another near the village of 
Epping, in Columbia, Washington county, 
Maine, in 1857. The distance between 
the Fire Island and Massachusetts bases, 
along the axis of triangulation, was 230 
n&iles, and between the Massachusetts 
and Epping bases 295 miles. The length 
of the Fire Island base, 8,715,942 meters, 
or 5.415 miles, as actually measured, 
vanes from the length, as computed from 
either of the other two bases, by less 
than 0.07 meters, or 2.75 inches ; and the 
probable error of any computed line be- 
tween these two bases is shown by care- 
ful analysis not to exceed ^-g^omr ^^ ^^^ 
entire length. This proportion of error 
to distance amounts to 0.22 inches in a 
mile, or a little less than 2 feet in 100 
miles. 

This degree of accuracy indicates the 
wonderful skill which has been attained 
in the construction and use of instru- 
ments both for the measurement of base 
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lines and of angles. Thus, if we com- 
pare the actual distance upon the limh of 
a theodolite, 30 inches in diameter which 
corresponds to an error of g-g-^(nnr* "w^^h 
we shall suppose to be all thrown into 
one of the three angles of a single well- 
conditioned or nearly equilateral triangle, 
we shall find it equivalent to about zala^ 
of an inch,* being about 0.71 seconds of 
arc. 

The percentage of error here developed 
is so small that it would not practically 
vitiate the measurement of lands even in 
the most valuable localities of great 
cities. • 

Superiority of the Trigonometrical 
Method. — The degree of precision com- 
monly attained in direct measurements of 
distances by ordinaiy methods faUs very 
far short of this, and even of that attain- 

* More exactly 0. 000052 inches, for we have 
radius = 57.8 , nearly, in terms of arc; or 
making radius = unity, 1^ = j\%, V = ,o«Vffir 
and ffi(i\ui>=0.7\" nearly. Conversely in terms 
of distance, if radius = 15 inches, »ftiJuy== 
0.000052 inches. 
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able in angle measurements with the or- 
dinary surveyor's theodolite or transit. 

It follows that accuracy, even in com- 
mon surveying, would be promoted by 
using the method of triangulatioji for as- 
certaining ratios, whenever practicable 
or convenient, in preference to the com- 
mon methods of traverse surveying. In 
the survey of a field or tract of land, for 
example, triangulation from on^ or two 
judiciously selected and carefully meas- 
ured bases would give the positions of 
the comers and other objects with 
greater accuracy and far less labor than 
the usual routine of perambulating the , 
outside boundaries, which is now taught 
in treatises on surveying, and generally 
practiced by surveyors. 

Advantages of Combining StRVEYiNG 
WITH Geodesy. — With the facilities afford- 
ed by the Coast Survey triangulation s, 
when carried to the tertiary stage, it is 
not difficult to perceive that a general 
method of determining the positions of 
points by co-ordinates might be estab- 
lished, and that while determinations 
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thus made would be far more satisfactory 
and definite than those obtained by the 
ortlinary methods of surveying, they 
would involve no more labor. Under 
such a system, the field work might con- 
sist of such a combination of triangula- 
tion and traverse surveying as would be 
found most convenient under the special 
circumstances. 

To carry out such a system, the trigo- 
nometrical stations should be located so 
near together that two or more of them 
would be available for any subsequent 
local survey. K not otherwise visible 
there should be convenient arrangements 
for the temporary erection of signals 
upon stations to indicate their positions, 
making them visible from adjacent sta- 
tions. 

Transformation of Co-ordinates. — 
While, for geographical purposes, the 
great co-ordinate planes already described 
are the most suitable for reference ; sim- 
plicity and convenience would be pro- 
moted by transforming this general co- 
ordinate system into numerous plane 
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rectangular sy stems in limited local 
areas. Accordingly, instead of defining 
the position of a point by giving its ter- 
restrial latitude and longitude, we would 
give its " latitude and departure," or its 
co-ordinates, from the zero point or ori- 
gin of co-ordinates for the containing 
area. 

For this purpose tlie local areas, into 
which the earth's 8urf'*ce is subdivided 
tihonld be made sufficiently small to re- 
duce the error which would ai-ise from 
considering; each separate area or plane 
Hiirfaee, to an inconsiderable amount. Six 
miles s<|uare is not far from the average 
iirea of towusliipa in the northern, naid- 
.tle, western, and most of the southern 
States. The bulge of curvature, or the 
versed sine of half the arc of six miles 
would be about six feet. This would 
make the ])roportional difference between 
Hie straight and the curved distance, or 
I letween the length of the cord and of the 
in-e, much less than the percentage of 
prohabh error inseparable tvom Hieasaxei- 
ineats of the utmost altamtAAfe -pcwwsvatt. 
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in actual pi'actice. Township boundaries, 
therefore, would seem to afford the most 
convenient divisions between separate co- 
ordinate systems. If, however, as is the 
case in a few of the Southern States, no 
smaller subdivisions than counties exist, 
these are not usually so large that the use 
of a single co-ordinate system over its 
areas would involve any important error. 
Direction of Axes. — The most appro- 
priate and convenient directions for the 
axes would doubtless be found in merid- 
ians and perpendiculars to them, since 
azimuths reckoned from the meridional 
axes would then conform very nearly to 
the true astronomical azimuth. Owing 
to the convergence of meridians, there 
would be a small variation from the true 
azimuth, increasing with the distance 
from the axis, but no practical error need 
arise from this cause. The true azimuth, 
if needed, is easily computed by the 
formula, 

tan. ^C=sin. L tan ^P, 

in which L is the middle latitude between 
the origin and the point where the con- 



i^ence is to be compntecl, P the differ- 
iboe of loQgitnde betneen the same 
poiata, and C the convergence sought. 
In passing from one ilistrict to another, 
however, a certain degree of complicaticn 
arises, and it becomes necessary to take 
the coavergence into account. We niay_ 
without practical error, consider any twu 
adjacent districts as lying in a plane pro- 
duced by developing a conical surface 
tangent to the earth on the midiUe paral- 
lel of latitude between the origin of the 
two districts. On this plane the converg- 
ence of the meridional axis of small dis- 
tricts will conform to the above formula, 
and the small angle of convergence 
meaanres the change of direction between 
e co-ordinate systems of the two dis- 



^Fassing fro.m one Distriut to Asoth- 

~In the 2)Bseage from one district 

ano'ther, four different cases of 

msfonnation of co-ordinates aiise, 

mely .- 

iTien the origin of the new ays- 
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tern is east and north of the origin of the 
old system. 

It will, of course, be necessary, while 
assigning positive values to latitudes and 
departure in one direction, to give nega- 
tive values in the opposite direction; 
thus if north and east are to be reckoned 
as positive, south and west must be reck- 
oned as negative. 

In this first case the old co-ordinates 
of the new origin are, accordingly, posi- 
tive, while the new co-ordinates of the 
old origin are negative. Or, if we call 
the old co-ordinates a and b, and the 
new ones a' and b\ a and b are here posi- 
tive, and a' and b' negative. 

2d. When the new origin is west and 
north of the old, or a negative, b positive, 
a' positive and b' negative. 

3d. When the new origin is west and 
south of the old, or a and b negative, and 
<i' and b' positive. 

4th. When the new origin is east and 
south of the old, or a positive, b negative 
a' negative aid b' positive. 
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CFor ascertaining the new co-ordinates 
( the old origin, the equations, 
r:«coB. tft + ftain. v", 
=6 COS, <ii~a ain il'. 
ronld prove correct in ail these caaea, 
provided proper poBitive and negative 
values were given to the different teima 
in the eqaatioiiH, It is necessary to re- 
member, however, that 4', the angle of 
change in direction, between the old and 
new axis, is positive, according to trigo- 
nometrical usage, when reckoned from 
zero aroijnd towards the left, and nega- 
tive in the opposite ilirection, while, ac- 
iording to the geodetic method of esti- 
lating azimuths, positive angles ore 

^oned around to the right. 
P To avoid the confusion which might 
riee from these different methods of 
latimating angles, or from assigning a 
jgative value to 4'y eqiwtions are given 
V for each of the four cases. Their 
^rrectneas will lie apparent on simple 
ipectioii of the accompanying figureSi 
b which O and N are the old and new 
B respectively : 
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Case Fibst. 

a'zzza COS. ip-^h sin. ^''. 
h'^h COS. v''— « sin. ip. 

Case Second. 

^ a' = a COS. ^' + A sin. <^. 
o ^'=6 COS. v^— a sin. c'' 

Fig. 3 Case Third. 

,0 

a' = a COS. (p—b sin. ^'. 
Z»'=Z> COS. (p-\-a sin. ^. 

Case Fourth. 

a'=a COS. ^—6 sin. ^\ 
f^ b'=b COS. v^ + a sin. t/f. 





In these equations the negative sign is 
omitted before a' and b\ but we must re- 
member that they are always estimated 
ir "•* -^fions opposite to those of a and b. 
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Since f is a very Bmall angle, 
approximates closely to unity, and it ap- 
pears by tbeae equations that «' is greater 
than «, and h' is lese tbau b when the 
new origin is farther north than the old, 
while a' is less than c, and li' greater 
than b when the new origin is fai-ther 
south than the old. 

Having found the new ordinates of the 
old origin, that is of O referred to N, the 
ordinates of any point referred to the 
new origin may be computed from its 
old ordinates by the equations : 

x=x' COS. '/■ — y' eiu. '/■ 4- a 

y=y sin. 4' + y' COS. t + ^'i 

in which x =departuro of any point aa 

referred to N, 

.i-'=departureof the same point 

as referred to O, 
y =differenee in latitude of any 

point as refeixed'to N, 
,y'= difference iu latitude of the 
same point as referred to 0, 
ff=deptti'tnre of the origin of 
^^^K as referred to N, 
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^= difference in latitude of the 
origin of O as referred to N, 

^'=the angle of convergence of 
the meridional axes of N 
and O. 

These are the formnlee for passing 
from one system of rectangular co-ordi- 
nates to another in the same plane. 

In these equations, we may consider 
north and east to be thejpositive direc- 
tions, as before, the opposite directions 
being negative. Also sin. <p is positive 
^vllen the change of axial direction is 
towards the left, and negative when in 
the opposite direction ; that is, positive 
when N is farther east than O, and nega- 
tive when farther west. Cos, <p will al- 
ways be positive, since ^ is always either 
in the first or fourth quadrants. 

In Fig. 5, the point 
P, of which X and y are 
the new co-ordinates, is 
east and north of the 
axis passing through 0, 
n' ^ inaWm^ X wid y greater 

than ti and h Yeapec\.\N^^.» «xA ^sSs.^^ 
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i of both eijuationa have, accord- 
ingly, positive values. But if a-, x' or a 
be estimated towards the west, its sign 
muBt be reversed when particular values 
are nubstituted in the equations ; like- 
Tvise, if y, y' or b have a Boutiem direc- 
tion, its sign must be reversed. 

Co ORDINATEfi IS A SINGLE DiaTBK.T. It 

is hardly necessary to say that when the 
azimuth and distance are given from a 
point whose co-ordinates are known to 
any other point, the co-ordinates of the 
latter are found by multiplying the given 
distance by the sine and cosine of the 
azimuth, the first product giving the de- 
parture and the other the difference of 
latitude. 

Vebifil'ations. — Before finally estab- 
lishing the <ro-ordinatea of a survey its 
accuracy should be tested in the most 
rigid manner, both as regai'ds the instru- 
mental observations and the computa- 
tions. The computations are easily veri- 
fied by working to the same point from 
different dii'ections. HoTna in6'i>ws&.*. a\ 
vi^rifyinfr the field wotV ftiTfe ■vB.^^.^^*!^•'^ ""^^ 
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the accompanying plates and explana- 
tions. Others will suggest themselyes 
to the surveyor under different circum- 
stances. 

IlXUSTBATIONS OF NoTATIOS. PlatcS I. 

and II. exhibit the sort of notation which 
may be employed under the system pro- 
posed. Instead of magnetic bearings or 
angles written between lines, azimuths are 
given, which are estimated around to the 
right from zero at due north to 360° or 
due north again. From these azimuths 
angles around to the right are easily 
found by subtracting the first azimuth 
from the second, adding 360° to the latter 
if zero comes between. 

The co-ordinates are here given in feet, 
but metres, chains or any other standard 
units may be used in the same way. The 
letters N. E. S. W. indicate the directions 
for the origin, north, east, south or west 
Points upon the division lines between 
two adjacent districts have their co-ordi- 
nates given in both. For railroad sur- 
veys, it would be loxiiid. c^otLvenient in 
plotting to have tlae eo-ox^Ma»Xfc^ o\ \»s^- 
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t pojntB and centers of curves given, 
even though the latter «hoiild not appear 
upon the plan. Other convenient detaiie 
of notation will suggest themBelvea to 
engineers, and indeed the plates are only 
intended to present to the eye the general 
features of the method proposed. A great 
iety of cases will arise in practice, 
ly of them requiring special treat- 
it. 

[ Computation of Askas, — Areas are 

mputed under this system with special 

dity and certainty, the method being 

|ie common one of double latitudes and 

lepartures. This method is prescribed 

J law in the State of Ohio, for calcula- 

big areas of farming lands and for test- 

; the accuracy of surveys made with 

e surveyor's compass. 

' Desohiptions fob Conveyances. — For 

lefinite and accurate descriptions of land 

B conveyances, it does not seem possible 

' devise a more precise and certain 

pethod than that of co-ordinates from 

wdetically determffiet!i ■tftVfetewwb ■s*5si!w 
t orig'm. The preaeul \ociw, -esA'-i^v^RS^- 
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l::^ deaoriptioDS in canrejuiceSy upon 
which the tenure of a laige part of the 
reskl estate of the conntzr now depends, 
are dicgracefnllT uncertain, and freqnenOj 
]ea/l to excesssive expenses of unnecessary 
liti<:ration. and sometimes to costlT errors 
of misplaced eonstractions. 

CoKVEyiE?fCE nf CoxsTROcnxo Maps. — 
In the construction of maps and plans, 
ro-^jrdinate determinations will be found 
especially convenient. After completing 
the survey of any portion of a district, it 
is easy to place it in its proper position 
upon the map of the entire district, with 
the certainty that other portions subse- 
quently surveyed will fit into their proper 
places, ^vithout the perplexity and the dis- 
tortions frequently accompanying the at- 
tempts to unite two or more independent 
surveys made under the methods in com- 
mon use. 

Summary of Advaxtages. — A few of the 
advantages which may be expected to 
follow the general adoption of the co-or- 
dinate method of surveying may be 
summed up as follows ; 
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^rst — The attainment of the highest 
practicable degree of accuracy, as well in 
smaller local surveys as in more extended 
^operations. The units of measurement 
which form the basis of the United States 
Coast Survey have been most carefully 
compared with those of the entire civilized 
world, and with the dimensions of the 
oarth itself, and are verified to a degree 
of precision beyond which the present at- 
tainments of scientific skill have not 
passed. 

8eno7id. — Extreme simplicity of nota- 
tion, with ease and convenience of .field 
work and computation. 

Third. — Facility in graphic representa- 
tion. 

Fourth. — Absolute certainty of loca- 
tions in descriptions for conveyances, and 
consequent removal of a fruitful cause of 
litigation and trouble. 

Altitudes. — No change is pre posed in 
the existing methods of determining the 
third ordinate or altitude. The most 
convenient mode of fixing this ordinate 
pre-supposes that the form of the earth's 
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surfaces, or of that surface which would 
be presented if the irregular surface of the 
land were razed to the level of the sea, 
has been accurately determined by geo- 
detic operations, so that in ordinary sur- 
veying we have only to ascertain the 
heights of our points of survey above 
this imaginary level. This is done by 
using the spirit level, by measuring ver- 
tical angles, and by barometrical obser- 
vations. The first method admits the 
greatest degree of precision under ordi- 
nary circumstances, and is almost exclu- 
sively used for engineer purposes. 

Plate I. represents a tract, of land lying 
partly in Pomfret and partly in Weston, 
two adjacent towns. One side is bounded 
by a lake, and a road passes through the 
tract. Several of its corners are visible 
from the point A. The point B, where 
the town line crosses the west sido of 
the road, is one of the stations fixed by 
the preliminary trigonometrical survey. 
All the co-ordinates upon this plan have 
been determined by computing the lati- 
tudes and departures, directly or indi- 
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^ "fche distance 63 feet, giving the co- 

lates of C, 859.41 W, 7073.51 N. 

!e of accuracy here indicated 

i probably be sufficient under ordi- 

■ circumstances. 

. — In running railway surveyB, 

■ opportunity should be taken to 

t with the trigonometrical stations 

uch become accessible near the line, so 

""^^ to verify its direction and the position 

■^"^ the stakes or stations. The methods 

"-^^ doing this by triangiiliition and other- 

"*'"V-iBe are simple, and will readily suggest 

•^Vjemselves to the engineer. This plate 

illustrates the passage of a railroad snr- 

"Vey across a town line, passbg from one 

tsystera of ordinates to another. 

The ordinates of the origin in Dexter 
Teferred to Elliot, are ; 

28243.13 E. 31497.21 N. 
and the convergence is 4' 10' '. 

By the equations given for Case First 
we find the ordinates of Elliot referred to 
Dester to 



7.0819376, 
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a=28243.13 + 31497.21 sin. 4' 10" 

=28281.134 

^^=31497.21-28243.13 sin. 4' 10" 

=31463.103 

or reversing directions, 28281.134 W., and 
31463.046 S. ^ 

Equations for passing from Dexter to 
JElliot.— The general formulse are, 

x=x' COS. (fi—y sin. ^ + a, 

y=x' sin. 0H-y'cos. <p-\-b 
In this case ^/'=4'10", a= -28281.134 
and ^=—31463.045, and the equations 
become, 

x=x'-y\-sm. 4' 10'') -28281.134 

or, x=x'-\-y'sin, 4' 10"- 28281.134, 
and y=— aj' sin. 4' 10'' + y'- 31463. 045. 

Equations for passing from Elliot to 
Dexter,— Kere ^=4' 10", a=28243.13, 
^=31497.21, and the equations become, 

x=x'-y sin. 4' 10" + 28243.13, 

?/=»' sin. 4' 10 '+yH-31497.21. 
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